Itiple temperatures 


y Priced 


(Our AfinityScript™ Multiple Temperature Reverse Transcriptase (RT) 
|s optimized for reverse transcription using your preferred reaction 
temperature from 37-55°C, making it the ideal choice fer QRT-PCR 
experiments. With a 10-fold higher affinity to primer-template complexes 
compared to MMLV RT, our AffntyScript RT delivers high sensitivity 


‘and specificity without compromising cDNA yield ot length. 
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Sraom, 


www steatagene com/affinityserit 


Robust CONA synthesis trom 37-55°C 


Ten-old higher afinity for primer-template 
complexes for high specitity and sensitivity 


Full length CDNA from 500 bp up to 20 kb 
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Ambion Silencing. TagMan* Assay Validation 


tar i www.ambion.com/ABsynergy 


Proven Performance. Proven Toget 


GE Healthcare 


Get attached to illustra 
for faster nucleic acid 
sample prep. 


New ilustra™ nucleic acid sample prep kits from GE Healthcare gve you optimal 
yield and purty, What's more, they do this 1 as letle as hol the tine it takes 

‘competing prod. 
cr bacteria, 
reproducibilty come easily with Mlustra mini and rich kit 


With more than 20 years’ experience in nucleic acid research, we're bringing 
science to Ife and helping transform healthcare. We colt Life Sckence ReAmogned 


wwwgelfesciences com/ilustra 


Speed is crucial to the sundew plant's success. 
It reacts rapidly, bending its tentacles to bind its prey. 
‘Some species can do this in just tenths of a second. 


imagination at work 
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An orangutan (Pongo abel from 
Sumatra, Indonesia, in an upright posture. 
Orangutans, a more distant relative of 
humans than chimps or gorias, move 
ina bipedal fashion on small flxble 
branches Human bipedalism may thus 
reflect selection ofa behavior that was 
present in the common great ape ancestor. 
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RNAi solutions by QIAGEN 


Predesigned and validated siRNA 

Flexible, user-defined siRNA plates and sets 
Custom siRNA design and synthesis 
‘Matching siRNA and RT-PCR assays 


miRNA purification kits and assays 


Contact GIAGEN today or visit www. 


Sample & Assay Technologies 


Science 


SCIENCE EXPRESS 


ASTROPHYSICS 


Imaging the Surtace of Altair 

J.D. Monnier et al. 

(Optica intererometry ofthe surtace ofthe star Alta suggests that its elongate 

‘shape and brightness may ellect unusual ferential retaton near its equator. 
126/scence 1143205 


CLIMATE CHANGE 
How Much More Rain Will Global Warming Bring? 

FJ. Went, t.Ricciardulli K. Hilburn, C. Mears 

Humidity and precipitation unexpectedly increased atthe same rate in response to 
‘global warming during the past 20 years, yielding more rainfall than rected by 
models. 


EVOLUTION 
Sponge Paleogenomics Reveals an Ancient Roe for 
Carbonic Anhydrase in Skeletogeness 
D.J.Jockson, L Mocs, J. Reiner, BM. Degnan, 6 Wérheide 
Aaah ol an extant bt evolutionary ancient ret-bildlng sponge shows hon 
through dupbation oe early gene gave ist ater gees or cakicaon 

OM 12bscence.1341560, 


MOLECULAR BIOLOGY 
‘Genome-Wide Mapping of in Vivo Protein-DNA interactions 

D.S. Johnson, A. Mortazavi, R.M. Myers, B. Wold 

‘Chromatin immunoprcipitaton and hi tvoughput sequencing ident the 
nearly 2000 specie DNA binding sites fora neuronal anscripton factor, 


YO.IZbAcience.1140746 OA Z6/aience 1241319 
TECHNICAL COMMENT ABSTRACTS REVIEW 
ecoLocy EPIDEMIOLOGY 
‘Comment on “impacts of Biodiversity Losson 1285 Large-Scale Spatial-Transmission Models of 1298 
‘Ocean Ecosystem Services” Infectious Disease 
J Joenike 5 Riley 
‘Comment on “Impacts of Biodiversity Loss on Ocean BREVIA 
Ecosystem Services” PALEONTOLOGY 
‘M.J. Wiberg and 7. Miler Seawater Chemistry and Early Carbonate 1302 
Jul texto wmerclencemagargVonten fib 16-429 2889 Biomineralization 
SM, Porter 


‘Comment on “Impacts of Biodiversity Loss on Ocean 
Ecosystem Services” 

F Holer eta 

al teat ot wo 
Response to Comments on “Impacts of Biodiversity Loss 
‘0n Ocean Ecosystem Services” 

B. Worm etal 
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‘When te eatest animals developed sheetons inthe 
Late Precambrian seanatey chemistry may have determined 
ether they mee made of ake or its polymorph aragonte. 


RESEARCH ARTICLES 


CLIMATE CHANGE 
155,000 Years of West African Monsoon and 
‘Ocean Thermal Evolution 
5. Weldeob, O. W. Leo, R.R. Schneider, N. Andersen 
‘During the past 155,000 years, rafal a West Aca has changed 
abruply following northern high-attude climate changes, and has 
‘decreased during the past 5000 years. 

Perspective. 2295 
MICROBIOLOGY 
Legumes Symbioses: Absence of Nod Genes in 
Photosynthetic Bradyrhizobia 
E Giraud etal. 
Two species of nirogen-fxing bacteria lack the usual posacharide 
‘Signal by which they communicate with het legume hosts and 
instead may we a purine derivative. 
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INNOVATION @ WORK 


{As a member of The RNAi Consortium (TRO), Sigma 
and non-divding cells. The MISSION 
lentiviral shRNA designed to offer a vane 


MISSION TRC shRNA provides: 


Delivery Solution 

= Lentivial for transduction 
‘most mammalian ces, Including primary 
and non-<wviging cells 


aries are a comprehensive collection of pre-cloned 
RNAI experiments 


Gene Silencing Using Mission" TRC shRNA 


Comprehensive Coverage 
~ 15,000 human and 15,000 mouse genes 
— 3-5 clones per gene 


long-term gene silencing 
(Quality shRNA designed by the Broad ins 


vw en ert Ml litsitth aaah 


eS een ees Individual Lentiviral Particle Constructs 


% Gene Expression 


= Custom Solutions 
viral production “ene Siig Using MSI NA 


For more information on MISSION TRC shRNA, 
please visit us on the Web at s 


Science 


REPORTS 


APPLIED PHYSICS 
uantum Register Based on Individual Electronic 1312 

and Nuclear Spin Qubits in Diamond 

MV.G. Dutt etal 

tectonic and associated nuclear spins na nitvogen vacancy in 

amond can serve asa room-temperature quantum register to 

write, stor, and retrieve information. 

APPLIED PHYSICS 

Functional Quantum Nodes for Entanglement 1316 

Distribution over Scalable Quantum Networks 

CM, Chow etal. 

Entanglement between atomic gas clouds 3 meters apart forms 2 

‘uantum repeater, an essential too for pasting nfrmation in tong 

distance quantum communication 

PHYSICS 

Anisotropic Violation of the Wiedemann-Franz Law 1320 

ata Quantum Critical Pont 

‘MA. Tanata,} Pogtione,C. Petrovic, Tailefer 

‘Aha fermion system tuned toa quantum cra poim lates 

the standard relation in metas betwen thermal an electronic 

conductivity in oe direction. 

PLANETARY SCIENCE 

Mars: ANew Core-Crystaltization Regime 1323 

‘AJ. Stewart, M.W, Schmidt, W. van Westrenen,C.Lebske 

ig pressure experiments imply hat Mars has an entity 

ton niche slr core that, une Earths core, wl ot form an 

Irn saline region ast coos 

OCEAN SCIENCE 

Physical Model for the Decay and Preservation of 1325 

Marine Organic Carbon 

D.H, Rothman and 0. C. Forney 

‘Amodel suggests that preservation of organic matter in marine 

sediments depends primary ons protection from mirobit 


degradation 
>> Peripectivep. 1294 
ANTHROPOLOGY 


Origin of Human Bipedatism As an Adaptation for 1328 
Locomotion on Flexible Branches 

S.K-S. Thorpe, RL. Holder, RH. Crompton 

‘Orangutans use bipedal movements when feeding fom small, 
exile branches, impying that early bipedalisn was retained, 

‘ot gained, in humans but Ls by apes and chimps. 
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CONTENTS it 


GENETICS 
‘Genome Wide Association Analysis Identifies Loci 1331 
{for Type 2 Diabetes and Triglyceride Levels 

Diabetes Genetics Initiative of Broad Institute of Harvard 

‘ond AMT, Lund Univesity, and Noverts Institutes for 
BioMedical Research 


Replication of Genome-Wide Assocation Signals in 1336 
UK Samples Reveals Risk Loci for Type 2 Diabetes 


E Zeggini etal. 


‘A Genome-Wide Association Study f Type 2 Diabetes, 1341 
‘in Finns Detects Multiple Susceptibility Variants 

LJ Scottetal, 

The hereditary component of type 2 dlabees ree the contrition 
of atleast 20 genetic variants each with a modes eet on rk, 
vinotosy 

Complex | Binding by a Viraly Encoded RNA 1345 
Regulates Mitochondria-Induced Cell Death 

MLB. Reeves etal 

‘an abundant via RNA tales host itchondia and hus reverts 
Infection induced cel eat, ensring thatthe host el survives long 
‘enough forthe sto reproduce. 

IMMUNOLOGY 

Regulation of CDB* T Cell Development by 1349 
Thymus Specific Proteasomes 

5. Murata eal 

‘A proteosome found ony in coral epithet ells othe thymus 
‘haa spect protein-deavng subunit that may contrite 
fest section dean nme ce 
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RNAi Solutions 


With a broad range of proven delivery technologies, award-winning 
detection systems, and a suite of high-quality support products : 


it's clear that Bio-Rad has a vision for RNAi 


‘= High-performing, potent Dicer-substrate siRNAs that F 
produce 285% knackdown with as low as 5 nM siRNA 


'= Broad selection of delivery technologies 
= RIA and protein purification products 
= Automated microfluidic system for nucleic acid analysis 


= Sensitive, optimized cDNA synthesis kits 


= Systems for both protein and mRNA detection ar 


nalysis 


For a close look at Bio-Rad’s tools for RNA, vis 
on the Web at www.bio-rad.com/mai/ 
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See Those Fingers? Do the Math 


Boys ith longer rng fingers ar better at math 


Putting the Hex on Fragile X 


ln mice, mental timation improves neural connections. 


Dinosaurs Charge Upstream 


Discovery of ancient footprints suggests predators could 


si har, 


S 
Detecting protein complexes, 


SCIENCE'SSTKE 
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PERSPECTIVE: The Biology of Regenerative Medicine 
K-Muneoko 

Gan regenerative biology and regenerative medicine 

‘10H together ito a single discipline? 

PROTOCOL: High-Sensitivity Detection and Quantitative 
Analysis of Native Protein-Protein interactions and 
‘Multiprotein Complexes by Flow Cytometry 

‘A.G. Schum, D. Gil E.P. Dopfet,D. L. Wiest LA. Turk 
W.W.A, Schamel, E. Palmer 

Protein interactions can be quantitatively assessed using 
Capture beads and low cytometry in either a high-throughput 
Cor lovethroughput format. 


Getting heard inthe debate. 


SCIENCE CAREERS 


US: Who Speaks for Early-Career Scientists? 
B. Benderly 

Inthe debate about numbers of foreign scientific workers, voices 
of the Americans most dry affected are going unheard 
EUROPE: Fruitful Collaborations With Industry 

E Pain 

Academic scents who interact with ndusty gain entra funding 
pls get their career horizons broadened, 

[MISCINET: Guiding Star 

ASasso 

Jarita Holbrook moved from astrophysics taining to studying 
the antopology of astronomy by indigenous Arians 
GGRANTSNET: June 2007 Funding News 

Grontstet Staff 

Learn about the latest opportunites in research funding, 
scholarships, fellowships and internships. 


|SCIENCEPODCAST 


Listen to the 1 June Science 
Podcast to hear about the origins 


of human bipedatism, innovative 
programs for traning science 


teaches, the eect of global 
— warming on rainfall, and mov. 
strung ergabovpoca 


‘Seporate individuo or institutional subscriptions to these products may be required for full-text acces. 
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in a word, essential. 


‘NEW ENGLAND 


WWW.NED.COM semaines near 


Nw Egan Bite 


EDITED BY STELLA HURTLEY AND PHIL SZUROM! 


<< Quantum Storage and Repetition 


Quantum registers allow the basic units of information, the qubits, to be 
transferred along channels and processed locally. Dutt et al. 

(p. 1312) demonstrate the coherent control and coupling of an elec 

tronic qubit and nuclear qubit stored in a single nitrogen vacancy (NV) 
center in diamond. Because the spin degree of freedom of the NV center 
's largely decoupled from the vibrational (and other kinetic) degrees of 
freedom, these two qubits can form a room-temperature quantum regis 

ter where the electronic qubit could enable optical communication with 
other registers through state-dependent fluorescence, whereas the 
‘nuclear qubit could be used to stor 
‘used as a basis for scalable, optically coupled quantum information sys 
tems. The use of quantum processing in applications such as encryption 
requires the distribution of entangled quantum states over networks, 


information, These registers can be 


These states have finite lifetimes, and networks will likely need to use quantum repeaters, which would reliably pass on the 
information without actually destroying it. Chou et al. (p. 1316, published onfine 5 April) distribute an entangled state 
over a distance of 3 meters using two pairs of cold atomic gas clouds, thereby demonstrating the potential for tong: 


distance quantum communication. 


West African Monsoon 
Paleohydrology 


Monsoons account for much ofthe rainfall at lw 
latitudes and are an important control ofthe 
moisture and heat budgets of the 

The West African monsoon affects a broad region 
ofthat continent, but it un 
nected to other large-scale climat 
£1 Niio-Southern Osc 
nearby changes in sea surace temperatures 
(6519), Weldeab et al. (p. 1303; 
tive by Barker) analyzed the Mg-Ca and Ba-Ca 
ratios, as well as oxygen isotopic compositions of 
planktonic foraminifera from a marine sediment 
Cote recovered from the Gul of Guinea, in o 

to document changes in $55. an 
there during the past 155,000 ye 
iy of freshwater input more closely resembled 
that of high northern latitude temperature than 
local $515 for much of the record, which implies 
that high northern latitude climate exerted the 
dominant contol on precipitation. Local SST were 
‘more closely elated to low latitude insolation, 


ims 


such at 


the Perspec 


The variabit 


Disobeying Transport Rules 
The empirical Wiedemann Franc lan, which states 
thatthe rato of thermal and electronic conduct 
itis of metals i rectly proportional totem 

{ure sone of the oldest relations in condensed 
inate physic. thas aso been thought to be 2 
robust property of metals because its theoret 
Cally underpinned by quantum mechanics and the 
standard model of metal, Fermi-icuid teary. 
Tanatar et lp. 1320; see the Perspective by 
Coleman) present measurements of thesmal and 


charge transpotin CeColn, and report that this 
law is obeyed in one direction in the crystal lattice 
but violated in another. They 

nces ofthis anbotopic vi 
how Fetmi liquid theory should of could be modi 
fied to describe the behavior of such strongly cor 
telated systems 


cuss the conse 


aw ation in terms of 


Soft Iron Center 

The coe of Mars is widely thought to be similar to 
that of Earth 

Aight elements in bih-pressu 
‘mimic the conditions ofthe matin core, Stewart 
et ol. (. 1323) sho that Mars" core is presently 
Completely guid and that its fut cyst 
toehavior wil fle rom that ofthe Earth Mars 
wil not form an outwardly crystallizing ion ich 
«core as does the Earth. instead, planetary 
olin wil ead to core crystal: 

tation following either a “snow 

ing core” model in which ion-ich 


mostly iron with a smattering of 


periments that 


ization 


tions ofthe core and sink toward 
the center, o a “sulfide inner 
‘cote” model in which anion 
sulfide phase crystallizes to form a 
solid inner core. 


Preservation and Decay 

Competition between degradation and preserva 

tion of organic matter in the ea and on the sea 

flor play a central role in controling bow 

sruch oxygens inthe 

ow carbon trogen, phosphorus, and other 
ens are ycled through the biogeosphere 


tmosphere, as well as 


cemag.org SCIENCE VOL316 


Because the quantity of carbon in marine sed: 

al differences in the balance 
can have large 
impacts, which has made this problem challeng: 
ing to model, Rothman and Forney (p. 1325, 
see the Perspective by Middelburg and 
‘Meysman) now present a consistent model in 
which the intrinsic reactivity of organic material 
is constant and thatthe rate of decay depends 
‘on bacterial abundance, Ths explanation is fun 
vray different from chemical 
which organic-matter degradation rates depend 
‘0m intrinsic reactivity 


iments i huge, 


between these proce 


wadels in 


Not Like Peas in a Pod 


Legumes, such as peas and beans, 


ave residing 
within nodules on their roots symbiotic bacteria 
that fix atmospheric nitrogen, The rhizobia sym 
bint produces sig 
ing molecul 
the so-called Nod 
factors, thatare rec 
ognized by the 
complete genomic 
sequences of two 
photesyntheti Bradyrhizobium strains that pro 
dduce nodules in their host plan roots but lack the 
nodABC genes and Nod factors. Instead, during 
this atypical symbiosis, a purine derivative may 


plant. Giraud etal 
(p.1307; see the 
actasa signal molecule to trigger root nodule 

organogenesis 


Perspective by 
Downie) report the 
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PhosSTOP Phosphatase Inhibitor 
Cocktail Tablets 


Protect your proteins before 


Figure 1: PhosSTCP Tablets deliver more ettective 
phosphatase inhibition than other suppliers’ liquid 
‘phosphatase inhibitor cocktails in lysate from A&SY 
‘human cancer cel line. 

81, $2, ond Ca = Phosphatase inhibitor Cockta 
‘and 4 from other suppliers 

‘AP and SP = Alkaline (AP) and Acid (SP) Phosphatases 
PIP = Tyrosine Protein Phosphatases 

PP! and PP2A = Serine/Theeonine Phosphatases 


07 Foe Dogs Gn Ais eed 


phosphatases attack 


‘Stop spending valuable time searching for the right phosphatase 
ining inhibitor cocktils 
ntly reliably prev Jephosphorylation of proteins 


with new PhosST@P Phosphatase Inhibitor Cocktail Tablets, 


Simply drop one quick-dissolving tablet into 10 ml of butler to: 


'® More effectively preserve proteins’ phosphorylation state 
Inhibit a broad spectrum of phosphatase types (Figure 1) 


= Instantly inhibit phosphatases in a variety of sampl 
Drop a tablet into 
or treat form: 


jpuraffin-embedded (FEPE) tissue sections, 


® Protect proteins from both phosphi 
Fully protect your proteins by combining 


ses and proteases, 
PhosSTOD ‘Tablet with a 


cOmplete Pro or Cocktail Tablet 


La free os learn more. al wunw.keep-it-easy.ct 


ahi 


Roche Diagnostics GmbH 
Roche Applied Science 
68288 Mannheim 
Germany 
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Walking Tall with Hand Holds 


The predominant bipedal locomotion of humans, which helps distinguish us from great apes, has 
‘generally been thought to have arisen since or with the last common ancestor between humans and 
chimps, Thorpe etal (1328, see the cover and see the Perspective by O'Higgins and Elton) show 
that orangutans, a more distant relative, move across thin branches in trees ina bipedal fashi 

much like running humans, These observations suggest that this more ancient ability was retained in 
the great apes and increasingly used by ancestral humans as they moved out of the trees, whereas 
chimps and gorillas essentially lost this ability, 


Spaced Out 

Methodological approaches for geospatial models of infectious disease encompass analyses ofthe 
elects of patches, distance transmission, multgroups, and network. Wi 

(p. 1296) has reviewed key results on infections such as measles, foot-and-mouth, 
smallpo, illustrating the significance of the epidemiological insights generated by these models. 


A Growing List of Diabetes Genes 

Type 2 diabetes, the most comman form of diabetes, affects mare than 170 million people world 
wide, and its prevalences increasing rapidly. An individual's propensity to develop the disorder is 
determined by a com 

bination of ife:style 
and heteditary factors 
The independent 
international consor 
tla~-Scott et at 

(p. 1341, published 
‘online 26 Apri, 
Zeggini etal 

(p, 1336, published 
‘online 26 Api, and 
the Diabetes Genetics 
Initiative (p. 133, 
published online 26 
-April)—have conducted comprehensive surveys ofthe human genome to identity genetic variants 
that affect type 2 diabetes risk and then shared their data to increase the statistical power oftheir 
“analyses, In adltion to validating several sequence variants previously implicated in the disorder, 
the authors identified several previously unknown susceptibility variants. Atleast 10 genetic loci 
have been now reliably linked to type 2 diabetes, each exerting a modest effect on risk 


Let the RNA Do Its Business 


‘Viruses need to ensure that infected cells survive long enough to allow the production of progeny, 
Reeves ef al. (p. 1345) now show that human cytomegalovirus uses an unusual strategy to this 
‘end—an abundant noncoding RNA specifically interferes with an apoptotic trigger in the mitochon: 
dion. In cells in which apoptosis has been triggered, the RNA binds to an enzyme in the mitochon 
drion and helps to maintain functional mitochondria, which prolongs the life ofthe infected cells 

This mechanism obviates the need forthe virus to translate a protein product to perform ths function 
and may thus exploit the infected cell's resources more effectively 


Designer Proteasome 
in the immune system, T cells respond to fragments of antigenic proteins presented atthe cell sur 
face by molecules encoded by genes ofthe major histocompatibility complex. Tis process is vtal 
not only fr recognition of antigens carried by pathogens and tumors, but also inthe section of 

4 Teells.as they develop in the thymus. These peptides are generated by atarge multisubunit com 
plex called the proteasome, which exists in 2 variety of forms containing different catalytic sub 

& Units. Murata et al, (p. 1349; see the Perspective by Bevan) now identify 2 proteasome subunit, 

5 St, that was found exclusively in the thymic epithelia cells and diects postive selection of T cells 
Indeed, mice lacking [55t showed significant disruption of T cetl development. 


From life on Mars 
to life sciences 


For careers in science, 
turn to Science 


you want your career to skyrocket, 
visit ScienceCareers.org. We are 
committed to helping you find the 
right Job, and delivering useful 
advice, Our knowledge is firmly 
founded on the expertise of Science, 
and the long experience of AAAS in 
advancing science around the world, 
ScienceCareers.org is the natural 
selection. 


www.sciencecareers.org 


Features include: 
‘= Thousands of job postings 
‘Career tools from Next Wave 
‘Grant information 

‘+ Resume/CV Database 

= CareerForum 
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Changes in Innovation Ecology 


GLOBALIZATION HAS INTRODUCED BOTH UNCERTAINTIES AND OPPORTUNITIES WORLDWIDE, 
In the United States, a flurry of recent books and reports has told the country how to be 
‘competitive in the 21t century, from Thomas L. Freidman’s The Hurl is Flat to the National 
Academies’ Rising Above rhe Gathering Storm, and at leasta dozen more. All notethe historic 
strength of the United States in innovation and suggest that reinvigorating this capability is 
key to future prosperity. The resulting recommendations relate toan “ecology” of interrelated 
institutions, laws, regulations, and policies providing an innovation infrastructure that 
entails education, research, tax policy, and intellectual property protection, among others 
Unfortunately, this ecology is more fundamentally broken than is generally recognized, 

It's broken for two reasons, First, its components were ereated in the context of old 
technologies, not new of future ones. Second, our processes for updating them are incremental, 
‘and we don’t stand back and ask whether our changes are achieving the intended outcomes, 
It isn’t obvious, for example, that a patent system created for macro- 
scopic physical machines is ial for computer sofiware, snippets of 
DNA. or business processes. A year ago, 30 Silicon Valley chief 
technology officers told me thatthe US. patent system was irrelevant 
to the original Constitutional intent to encourage innovation. 

Although their fast product eyeles make them skeptical about decadal 
protection, their reaction shows that a system invented for an old 
technology won't necessarily fitanew one, 

Also seemingly antiquated is a Web page with the copyright 
symbol © on it. That page was copied, in its digitized form, at least 
at half dozen times on the trip from its server to the screen; indeed, 
it would have zero value if it hadn't been copied. Of course the 
author didn’t mean to prohibit those copies, but they are indistinguishable from the others 
that the author did mean to prohibit, Ironically, we must break this law to achieve one of 
its primary objectives. The notion of prohibiting “copying” to protect artistic and literary 

feativity made sense when those values were expressed in physical media, but it makes no 
sense in a digital world, 

A serial medical entrepreneur pointed out to me that the nation’s gold standard of 
randomized double-blind clinical tials to ensure drug safety and efficacy simply doesn 
‘work for therapies that are tailored to a small population of patients, an emerging trend in 
drug development. In those cases, a traditional clinical trial will lack the statistical power to 
reach a conclusion, It will surely be ironic if a mechanism intended to protect us has the 
effect of preventing access to more effective drugs. 

The antitrust laws are important for innovation. They create spaces in which small innovative 
‘companies can compete. Unfortunately, those in the United States were written in an era when 
scarcity usually determined economic value, In some fields today. i's ubiquity that sets valu. 
For example, if Thave the only telephone in the world, it has little value. Conversely, [use 
Microsoft software primarily because ts ubiquity maximizes the probability that lean exchange 
documents with someone else. It shouldn't surprise us that laws based on assumptions that 
‘worked ina traditional industrial economic setting don’t work perfectly for new technologi 

Although many commentators are ready to accept or even praise the loss of U.S, manufac 
turing to low-wage countries, production and marketing experts indicate that the future of 
‘manufacturing is not mass production, but mass customization. The key will not be the eapacity 
tomake a zillion size 10% D shoes (my size), but manufacturing shoes to suit Bill Wull’s siz 
color, and style preferences. This is a knowledge-intensive business; one in which we are well 
‘equipped to compete. But we nced the right institutional and policy ecology to do so. 

In each of these examples. the policy goal is still valid: protecting the public from unsafe or 
ineftective drugs, for example. It's the implementation that needs to be updated, and that can’t 
bbe done incrementally. To prosper, we need an international process that can, time afer time, 
fundamentally rethink the elements of our innovation ecology. 

William A. Wulf 
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“The unknown has always fascinated me, 
and research is the best way to satisfy my 


curiosity.” 


How do cells react to changed conditions? Which molecular processes control the regulation mecha: 
risms? What genetic changes take place? Conver-sely: what is the effect on organisms when their 
genomes are transformed? Answering questions like these creates the foundation for breakthroughs in 
medicine, industry, and agriculture. Finding these answers requires sharp cell images and accurate 
micromanipulation, now unified in a single system. With the Leica AMB000, itis possible to view and 
‘manipulate cells simultaneously —with absolute reproducibility and minimum effort. 


Prof. Stéphane Viville, Institute of Genetics and Molecular and Cellular Biology, llkirch, France and 


Reproductive Biology Service SIHCUS-CMCO, Functional Unit Preimplantation Diagnostics, CLCa 


Schiltigheim, France 
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Malaysian forest 


maTeRiats science 
Aperiodic Polymer Tiles 


Quasicrystas have sufficient long-range order to 
produce a diffraction patter, but donot show 
the three: dimensional translational periodicity 

sg found in normal crystals. They have been 

& observed in metallic and small molecular sys 
teams, often through small compositional changes 
{nthe materials, although in many cases the gua 
sicrytals ae of poor quality and stability, 
Hayashida etal show tis sort of patterning over 
‘a much large length scale inthree-arm block 
«copolymers made of plyisoprene (I, polystyrene 
(6), and poly2-vinylpyridine) (P) mined with a 
polystyrene homopolymer. Previously this system 
has been shown to form the (3.3.4.3.4) 
Archimedean tiling structure, with every vertex 
sutrounded by a pattern of triangle (3) and 
square (4) cells, Upon changing the LS? rato, 


‘Acchimedian value 
of 2to 2.305, and 
a dodecagonal 
‘quasirystal pat 
tern emerged. The 


tiling, However was | 


‘not perfect: Trans 
tion regions led to 
sections showing 

Polymer phase separation sbfold symmety 
and a triangle-to 

square ratio of 8:3. 


leading to quasierys- 
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ecovosy/evo.ution 
Tropical Forest Slows Down 


Tropical forests play 2 major part in the global carbon 
‘ace. An understanding ofthe responses of tropical forests 
to climate change isan essential element in predicting the 
trajectory of global environmental change in the coming 
decades. Some studies have found increasing growth rates 
‘of trees, consistent with model predictions of CO, fetiliza- 
tion. However, others have suggested that growth rates 
might decrease, consistent with modes of the effects of 
‘increasing temperature on tree respiration, Feeley t a. 
analyzed two detailed long-term data sets from forest plots 
in Panama and Malaysia, to reveal growth rate of individ- 
ual species and whole communities over the past 25 years. 
In both places, growth rates decreased in the majority of 
species, and this pattern was also reflected atthe commu 
nity Level. These decreases correlated wit increasing tem 
perature over the same period, suggesting the potential 
for positive feedbacks between decreasing vee gronth and 
increasing atmospheric CO, concentration. — AMS 


| EDITORS'CHOICE _ 


EDITED BY STELLA HURTLEY AND JAKE YESTON 


‘When the composition ofthe blend was changed 
further, the overall quasipesiodicty ofthe tran: 
les and squares was los. Thus, it may be possi 
‘ble to tune the tiling pattems through smal 
changes inthe polymer composition, — MSL 
Phys Rex. et. 98, 198802 2007. 


APPLIED PHYSICS 
Patterned Graphene Transport 


Graphene has received much recent attention, 
both experimental and theoretical because ofits 
echnical stability and promising electronic 
properties. These single sheets of graphite, or 


| unzipped carbon nanotubes, are expected to dis 


play many interesting transport properties that 
are dependent on geometry and crystallographic 
‘orientation, in much the same way in which the 
electronic properties of carbon nanotubes are 
dependent on their chirality, or how they are 
rolled up. Working with single sheets of 
‘graphene extracted from bulk graphite and pat 
termed into strips of various widths (ranging 
{rom 10 to 100 nem) and a selection of crysallo 
graphic orientations, Han eto have probed the 
ensuing transport properties. They found that 
the energy band gap widens with decreasing 
width, as expected from theory, but that there is 
‘nosystematic variation with orientation. The 
results suggest a route to engineer the band gap 
of graphene nanostructures with potential appli 
‘ations for devices. — 150 

Phys Re. Let. 98, 206805 (2007). 


col. ett 20, 461 (2007), 


Generics 
A Powerhouse Conversion 


ly their muclear 
‘genome, which is inherited equally from both par 
ents, but they also, within their mitochondria, 


carry further, much smaller genome, which is 
generally maternally inherited. Mitochondrial 
DNAs thought not to undergo recombination and 
torepresenta relatively 
stable record of the 
evolutionary history of a 
species. By examining 
duplicated genes within the 
‘mitochondria of kilifsh Tatarenkoy 
‘and Avse found evidence of gene con- KL 
version within the mitochondria, sug 
gesting that recombination does 
‘occur, Sequences from both copies of 
the contol regions ofthe mitochondrial DNA 
‘denifed 28 examples where both copies con 
tained the same nucleotide substitution, resulting 
{nan overestimate of genetic distance between 
individuals on the basis of paralogs, which aise 
{rom gene duplications, in comparison to that 
‘estimated from orthologs, which represent genes 
sharing the same evolutionary history Thus, 
recombination and gene conversion are ongoing 
in the mitochondria of klifish and, by extension, 
probably in other animals as wel. — LMZ 
Proc R So. London Se. 8 
10,2098nsp.2007.0169 (2007. 
Continued on page 1257 
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stotocy 
Death Valley in Slow Motion 


The San Andreas Fault is thought to mark the 
‘ight-lateral slip between the North American and 
Pacific plates, but a large amount of the sip (~20 
025%) occurs on a set of faults farther inland, 
extending from Death Valle in eastern California 
‘up through western Nevada, These faults have 
produced some ofthe largest earthquakes within 
‘North America, comparable in size to temblors on 
the San Andreas itself, and this slip is responsible 
{or the great depth of Death Valley. Today, the 
fault network near Death Valley is moving at 
about 12 mmiyear, but whether this represents 
‘the long-term rate has been hard to determine. 
Frankel et ol. measured cosmogenically produces 
radionuclides in boulders to date offsets in an 
alluvial fan in Death Valley. The long-term rate 
{or te faut system forthe past 70,000 years is 
Indeed close to the current rate, whereas farther 
south, where several recent earthquakes have 
‘curred, the current strain rate seems to be 
exceeding the long-term average. — BH 

1. Geophys: Res 10.1029/2006}8008350 (2007. 


psvenoLoay 
You Did It, It Did It 


One ofthe many kinds of psychological process 
ing we perform effortlessly isthe recognition of 
‘actions as being motivated by animate versus 
‘inanimate agents, Two groups of brain areas have 
‘been proposed to subserve tis function: the mir 
‘or neuron system and te social network. Mirror 
‘neurons become active both when a person per 
forms an action and wher a person observes that 
action being performed by another, Neurons 


www.stke.org 


wwsciencemag.org 


EDITORS'CHOICE 


Within the social network become active in socal 
«contexts, such as during the assessment of emo- 
tion in others, or while imagining another's state 
‘of mind. Wheatley eto. examined the differential 
‘activation ofthese networks under conditions in 
which the central figure and its movements 
‘femained constant, but the backgrounds were 
‘changed tobias the interpretations ofthe scene a5, 
representing animate or inanimate agency. The 
‘mirror neuron system does indeed engage in the 
‘neural processing of mation, during both observa 
tion and imagination of thefigute. On the other 
hhand, the brain areas within the social network 
‘ate specifically more active when people perceive 
the motion as biological o animate, — GIC 
‘Paychol. Si. 18,469 (2007, 


cnemistey 
How H-Bonding Helps 


‘Athoughfydrogen bonding has lang been known 
tobe prevalent in engymaticsubstate binging 
mots its use in nonmetallic small-molecule 
<atalysis has been adopted comparatively 
recently. Jensen and Sigman have quantified the 
Impacto catalyst acy on the at and ena 
Uiseectiity ofthe hetero-Diel Alder reaction in 
one such stem. The catalyst isa chiral oxazoline 
ervative that binds aldehydes through the NH 
group ofa pendant amide; the authors sstemati 
Cally varied te act ofthis group by adding 
dierng numbers of Co F atoms to the amie 
cecarbon. They observed linea re energy rela 
tionships correlating both rate and enatiselec 
tivity ith increased acidity, which the tentatively 
attibte toa tghtertrantion state —)SY 
‘Agen Chem It. £4 M6, 
10.1002 200700288 (2007. 


<< Living Optical Fibers 


Inthe eye, specialized glial cells, the Miller cells, support the function, 
and survival of neurons in the retina. Franze et al. naw show that these 
Cells aso help to pass ight tothe retina Light transmission and reflec 
tion microscopy of the inner retina (without the photoreceptor cell) 
revealed that light was transmitted to 
discrete points. Az-axis reconstruction showed the presence of 
“tubes” that corresponded to the Mille cells, which transmitted 
light effectively wth minimal light scattering. Furthermore. disso: 
ciated Miller cells exhibited higher refractive index than did retinal, 
neurons, consistent with thei role in minimizing light loss through 
‘the length ofthe cell. Optical engineers use waveguide characters 
tic Frequency (the ¥ parameter) as a measure ofthe ight guidance 
through a propagating material Calculations of the V parameter 
for Mller cells confirmed that these cells could function as wave- 
‘Guides for visible light. Indeed, Mller cells efficiently transmitted 
light when placed in a modified dval-beam laser trap. —NRG 
Proc. Natl Acad. Sci USA 104, 8287 (2007). 
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In the Wake of Kon-Tiki 


Iceman’s Final Hours 


Ateam of botanists and anatomists has pro: 
duced a close-up view ofthe last wanderings 
of Ota the ceman, the frozen 5200-year-old 
‘mummy ound in the Alps in 1991, trom the 
pollen in his digestive tract, 

By various delicate procedur 
led by botanist Klaus Oeggl ofthe University 
of Innsbruck in Austria extracted five gut 
samples—representing atleast three different 
‘meals—from the end of the small intestine to 
the rectum, Comparing the pollen with 
reference samples from known locations, 
the scientists tracked Otzi’s path in roughly 
his last 33 hours. “Background” pollen in the 

cted alpine 
vegetation, whereas the transverse colon 
had polten from tree the 
valley. Contents ofthe ileum indicated that he 
ate his last meal back inthe subalpine pine 
and spruce forests 

The scientist, whose analysis appears 
inthe latest issue of Quaternary Science 
Reviews, say the results lend new weight to 
the “disaster” theory of Otzi's death, It holds 
that he walked down from subalpine regions 
perhaps to his native village, got in a fight 
and fled to the mountain glacier, where he 
apparently died from an arrow wound in the 
upper back. The reconstruction ofthe 
Iceman’s final journey is “an extremely 
exquisite piece of work,” says geoscientist 
Wottgang Miller of the Royal Holloway 
University of London in Surtey, “Before, it was 
largely speculation. Now itis pinned down 
with scientific evidence.” 


researchers 


intestine closer to the rectum re 


species commor 


German biology teacher and amateur archaeologist plans to launch a 
‘eed boat this month in New York harbor, in preparation for an ocean 
voyage to Spain 

Dominique Gérltz, currently 2 Ph.0, student in invasion biology at the 
University of Bonn, wants to prove that prehistoric humans could have 
crossed the stormy North Atlantic, bringing with them Old World plants 
such as bottle gourd and cotton, thousands of years before Columbus, 

The 12-ton, 12-meter-long boat, built of reeds from Lake Titicaca in 
Bolivia and sporting linen sail, is based on rock drawings made in upper 
Egypt and Spain during the 4th and Sth millennia 8.CE. “This wil be a 
high-tech laboratory” loaded with instruments to monitor the ship's 
progress, adds Goelitz whose funding forthe half-milion-dollar project so 
far has come from a private loan, Jorgen Bohmer, a vegetation ecologist at 
the University of Bonn, notes thatthe unusual effort could help clarify how 
plant species spread between continents. Goelitz, 40, has experimented 
with earlier versions of the boat in the Mediterranean, The Abora I wil set 
sail in July with a crew of 12 for the 2-month voyage. 


‘mammary tumors in 


The Breast 
Cancer List 


French fis, car exhaust, 


tests For chemicals such as 
acrylamide, a byproduct 
of cooking starch-lade 
foods, the site offers 
information om uses, 
routes of exposure, 
and health sks, The 
database also summarizes 
and critiques the method: 
‘ology of 450 studies on 
links between human 
breast cancer and 


and shampoo have one thing 
in common: They can contain breast 
cancer-causing compounds. To find 
‘out more about suspect chemicals 
and litestyle factors, including obesity 
implicated in breast cancer, check out this 
‘new two-part database from the Silent Spring 
Institute, a women’s health nonprofit based in 


Rachel Carson, 


author of Silent 
Newton, Massachusetts 


Spring, died of nongenetic factors 
Researchers pored over toxicity data to breast cancer ciencereview 
compile a roster of 216 compounds that trigger | in 1964, lentspring.org 


INTERSPECIES MISCOMMUNICATION 


Asilverback gorilla went on a King Kong-style rampage 
ja Rotterdam z00 on 18 May, and ethologists are 
speculating that a misunderstanding with a femate fan 
‘may have pushed him over the edge. 

Eleven-year-old Boito jumped a 3-meter-wide moat 
Bliorp Zoo, attacked a 57-year-old woman, and 
ragged her along a path before smashing a glass door 
and entering a restaurant, where 200 staff shot him with 
tranquilizer darts. The vitim—hosptaized with a 
crushed hand, broken arm, and more than 100 bite 
‘wounds—had visited Bokto almost daily with her husband. ‘When | smiled at him, he smiled 
back,” she told the Dutch newspaper De Telegraaf. 

The frequent visits may have made the woman a group member inthe gorilla’s mind, says 
Ziel Pereboom, head of research atthe Antwerp Zoo in Belgium. But primates use eye contact 
to establish dominance relations, and they can misinterpret human signals, he says: “He isthe 
silverback, the dominant man in his group, and he may have felt that she didn't respect his 
dominance.” The gorila's “smile” may actually have been a threat, other ethologists say. 

‘The victim wants the 20 to pay damages but said Bokto “will remain my darling,” 


Bokito on 
the loose. 
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FOLLOW-UP 

AMUST-NOT READ, An Indian court has struck 
down astate-imposed ban on a book by a US, 
religious studies scholar that offended Hindu 
nationalists and triggered riots 3 years ago. But 
the publisher of Shivaji: Mindy King in Islamic 
India bas no plans to set the book in India. 

The book, by James Laine, a professor at 
Macalester College in St. Paul, Minnesota, 
tells the story of Shivaji, a 17th century Hindu 
king who built an empire in western tndia 
amid Muslim domination of much ofthe sub- 
continent, Right-wing Hindu groups slammed 


Three Q’s >> 


Biotechnology that he dire 


Q: Who won the debate over agbiotech? 


Fm not sure I want to talk about winners and losers. Public opinion hasn't changed ve 


EDITED BY YUDHIIIT BHATTACHARJEE 


SEEING THROUGH HYPE. Fuctional psychologist Rohert Savin has 
teen chosen toed new centr for edacationresearhat the Univerity 
‘of York nthe United Kingdom. The Intute for 
MOVERS seine tstion GET) ng int ith 
on fom the Bowland Char Tas 
‘Stevia will continue vo dnt the Center for Research and Reform in 
Fedxcation (CRE) thins Hopkins Univers in Baimoe, Maryland, 
‘Sevins meszage to ccaocs iso py sen wi 
icemlyt what popalar orwell rsd 
tas been fled by Gadi 
‘Success for All Foundation that o 


says Slavin, who also runs the nonprofit 


L NEWS AKERS 


the book for questioning Shivaji’s lineage, 
and the Maharashtra government banned it in 
2004 and threatened to arrest Laine if he ever 
returned to the state (Science, 30 January 
2004, p. 623). The ban was moot, however, 

as the book’s publisher, Oxford University 
Press, had already withdrawn it from stores. 

In April, India’s Supreme Court ruled that 
the charges brought against Laine were base- 
less, and the Bombay High Court instructed the 
state government to lift the ban, But Hindu 
‘extremists have warned bookstore owners not 
to carry the ttle 


lar biologist Michael Fernandez.has worked himself out ofa job. This spring. the 
eTrust declared victory and shut down its 6-year-old Ini 

ed. The program provided objective information on geneti- 
cally modified plants and animals and focused attentic 


isc on Food and 


‘on the U.S. regulatory system, 


rch over these 6 years. A relatively small proportion of U.S. consumers are opposed, 


and the vast major 


Q: How good is our regulatory system? 


I's a mixed bag. For products with incremental changes, the 
system works preity well. When you start to get into products 
that don’t fit neatly into a category, like plant-made pharmaceu- 
ls, there are questions about whether the system is adequate. 


ti 


Q: What's coming down the pike? 


[Bioengincered] animals are something that we will have to 


are somewhere in the middle. We've had. 
‘big increases in the acreage planted, [and] farmers clearly see a 
bene to insect- and herbicie-resistant crops. 


evaluated in research institutions, He hopes that IEE ean also ine 


deal with, including moral and ethical issues. The USS. will have to figure out how to deal 
with imports of products that we've never seen before. I's in ou best interest to have a 
regulatory system that is flexible enough and has the tools to assess the risks so that we 
cean all get the benefits, 
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‘curricula that has first been. 


in schools by using proven methods to boost 


literacy, language, science, and numeracy 
Two CRRE profess 

will join Slavin at IEE, d 

and their current base, 


s, Nancy Madden and Bette Chambers, 


ON CAMPUS 
BLOWN AWAY, Tulane University mechanical 
engineering chair Monte Mehrabadi spent last 
week house hunting in southern California in 
preparation for becoming chair of the mechant 
‘al engineering department at San Diego State 
University t's an involuntary move 
Mehrabadi’s 113-year-old 
department is dissolving 
this month as pat of the 
New Orleans university's 
plan for restructuring after 
Hurricane Katrina t's 
“heart-wrenching,” he says 
‘though he's landed on 
his feet two ofthe depart 
ments 12 faculty members 
ate stil ooking for work, 

‘Anew 67-page report from the American 
Association of University Professors (AAUP) 
takes five New Orleans universities to task for 
their response tothe August 2005 disaster. 
says Tulane, which cut more than 200 positions 
‘overall failed to give financial oF academic 
reasons for abolishing the mechanical engi- 
neering department, AAUP also says the uni- 
versities paid little heed to tenure and dis 
missed staf without offering clear explana 
tions. Although Tulane offered mary 12 months’ 
severance pay, Louisiana State University 
Health Sciences Center laid off 61 full-time 
medical faculty members, about 9% of the 
total, without pay and with “virtually no 
notice,” the report says 

Tulane has called the report “seriously 
flawed” and tainted by “advocacy.” Louisiana’s 
higher education commissioner responded 
thatthe usual standards “barely apply" to 
such a catastrophe. 


Got a tip for this page? E-mail peopleg@aaas.org 
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PALEONTOLOGY 


Mammoth-Killer Impact Gets Mixed 
Reception From Earth Scientists 


ACAPULCO, MEXICO—A he: 
proposal that an exploding comet wreaked 
and beast 13,000 years ago got 
its First full scientific airing at a meeting here 
lust week." Many geoscientists who attended 
nearly a day of talks and posters on the put 
tive impact called the idea “eook” But they're 
not dashing off to rewrite the textbooks yet 


Jline-grabbing 


havoe on 


A loose consortium of more than 25 sei 


entists is arguing that a massive comet 
exploding in the atmosphere over North 
America wiped out the mammoths, termi 


nated the founding Paleo-Indian culture, 
land triggered a millennium-long reversion 
toan ice age climate, “We're quite sure there 


was an impact.” says analytical chemist 
Richard Firestone of Lawrence Berkeley 
National Laboratory in California, one of 
the consortiumm’s two leaders, 

Not so fist say veterans of 


how cosmic collisions have 
affected Earth and the life on 
it. "There is so 


evidence that deserves study 
searcher Peter 
Schultz of Brown University. 


member of the consortium 
who did not attend the meet 
ing, But the evidence for an 
impact is too new and uncornen- 
tional 
The 
been ray 


First began working out geo- 
logic markers for ancient 
impacts in the 1960s, By the 
1980s, researchers found 
65-million-year-old sedi- 
ments that contained too 
much of the element irid- 
ium on Earth but 
enriched in meteorites, That 
discovery pointed the way to 

scarred by the 
the impact 


mineral 
shock 


+ Joint Assembly of the American 


Geophysical Union, 22-25 May. carbon spherul 


killed off the dinosaurs. 
ally found the crater from that impact 


the University of California, Santa Barba 
rey had found impact 


and colleagu 


markers at the mother of al mass extinctions, 
the Perméan-Triassic 251 million years 
(Selence, 23 February 2001, p. 1469), Th 
markers included metallic nd 
called bucky- 


ransand molecu- 
larcages composed o 
bulls or fullerenes 

trial helium. Three Scien 
ever, Becker's 


filled with extratertes- 
papers later, how 


wap has failed to make its 


‘ease for a Permian-Triassie impact. In fact, 


able effort, no one else has 


despite consid 
found fullerenes or extraterrestrial helium at 
the Permian-Triassic boundary 

Now Firestone and sc 


,| 


of his consor 


ET debris? Possible impact markers suchas glssike carbon (ef and 


ight) 


back mat 


SCIENCE 


Thinking smal 


at NASA 


tium colleagues, including Becker, say they 
have found nearly a dozen kinds of recent 
impact markers at 26 sites from California 
9 Belgium. Most of the supposed markers, 
are new types; many have never before been 
reported in the geologic record 

The consortium got its startin 1999 when 
retired arch William Topping of 
Deming, New Mexico, approached Firestone 
with unusual mineral 
at Gainey, Michigan, Th 
base ofa black layer rich in onganic mat- 
«lef. during the Younger Dryas, a cold snap 
that began 12,900 yea 
1000 years. The 
the last arrowheads and spear points crafted by 


tack mat” lies just above 


the Paleo-Indian Clovis people, as well as the 
last bones ofthe mammoths the Clovis hunted 
From the odd composition of the Gainey 
samples, Topping and Firestone inferred that 
ved 12,900 years 

ago by radiation froma nearby supernova that 


the sediments had boen ta 


devastated the Western Hemisphere. In late 
2004, Allen West, a retired geophysical eon- 
sultant in Prescott, Arizona, offered to help 
with the by-then-stalled project, Oth 


spe 
cialists soon came on board, West collected 
most of the samples and funded much of the 
‘work with $70,000 of his own “fun money 

Given new evidence, the researchers have 
discarded the supernova scenario in favor of 
amajor collision, They believe the impacting 
object contributed many of their proposed 

markers: indian 


irregularly shaped metalic 


spherules; nanodiamonds; fullerenes carry 
sium-40. These markers have 
being produced except by impac 
said at at the meeting, The 
jon with Earth, they py 
other markers: soot and charcoal from global 
‘wildfires; vesicular carbon microsph 


al helium; and excess potas 
no way of 


press conferene 


coll pose, produced 


asslike carbon, The latter wo 


and melted, 


Because they have found no crater or 
shocked minerals, West and Firestone say 
the alien object probably did not slam into 
the ground. They believe 
eral kilometers in diameter and dirtied with 
rock and carbon approached Earth and 
broke up into bits, as comet Shoemaker- 
Levy did before it hit Jupiter in 1994. Each 
fr 


‘over North America befor 
ground, in their scenario, The resulting 
shock waves and heat would! have devastated 
the plants, animals, and humans below. The 
heat could also have melted enough of the 
ice sheet then on North America to put a 
freshwater lid on the North Atlantic, shut- 
ting down the warm-water ocean “con- 
nd plunging much of the hemi 
sphere into the Younger Dryas cold spel 
Most listeners at the meeting ga 


¢ reaching th 


e the 


ANIMAL STUDIES 


NIH to End Chimp Breeding for Research 


The US, National Institutes of 
Health (NIH), the world’s langest 
fu 
biomed 
last week that it was eflectively 
phasing itself out of the busi 
ness, Officially, it’s a money- 
saving move, although animal 
advocates are taking credit for 
making it happen, 

Barbara Alving, director 
‘of NIH's National Center for 
Researeh Resources (NCRR). 
revealed at her institute's advi- 
sory council meeting on 22 May 
that NCRR had decided to make 
‘nt its long-standing 
jum on breeding chim- 


er of chimpanzees used in 


al research, announced 


panzees for research, which was 
set to expire in December. NCRR currently 
‘owns of supports 650 research chim: 
P 
not afford t breed more animals, which can 
require up 1 $500,000 each over a lifetime 
In Fiscal year 2006, NCRR spent $10.9 mil 
_, lion on its chimpanzees. Without breeding. 
Population may die out within 30 years 
(Seience, 26 January, p. 450), 
Although 


move, research 


wees, and Alving said the institute could 


hailed the 
who do studies with these 
chimpanzees decried it as shortsighted. “It's 
a horrible decision.” says Evan Eichler, who 
does genomic comparisons between chimps 
and humansat the University of Washington, 
Seattle. “There are so many levels where we 
‘could regret this day.” Neuroscientist Todd 
Preuss, who does noninvasive brain studies 
with chimpanzees at Yerkes National 


Guest of the state. Withou! 


Dryas impact a polit 
eception. But the one specialist in 
mpact markers who he: 
ne.“Is similar wo the sin 

mpact pro 

‘the Lunar and Plan 
‘The pro- 
posed signatures for an impact event shouldn't 


rd out the presenta 
ation with the Permian-Triassic’ 
posal, says David Kn 
‘etary Institute in Houston, Texas. 


be dismissed. but they need to be tested, Until 
them a lite skepti- 
Iridium, for example, might have been 


they are, one has to ok: 
cally 


Primate Research Center in Atlanta, Georgia, 
red and 
“This is not a 


resource that can be reconstituted” says 
Press of the resé 

years from now, people will wonder why 
wwe did this. 

Preuss, Eichler, and 0 
NCRR’s move say maintaining this lange. 
genetically diverse population of chim- 
pa 
medical questions for humans about dis 


itty 


+h chimpanzees. 


2 bio- 


wees could help answer pressi 


ceases such as Alzheimer’s and hepatitis B 
and C. It also nce policy 
should chim tinct. “t's 
Penny-wise says Ajit 


Varki, a at the University of 
California, San Diego, who studie 
differences between humans and chimps, 


disease 
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IM support for breeding of research 
chimpanzees, today’s aging population will steadily be retired or die within 
the next 30 yeas. 


SPECIAL FEATURE 


j the teacher g 


concentrated by slowed sedimentation or even, 
by algae, The charcoal could well be from 
Clovis fire pits. And Kring says the extreme 
titanium levels and the nanodiamonds embed 
dded in melted carbon make no sense to hit 
A paper in review at the Proceedings of 
the National Academy of Sciences may 
answer a few key questions about the 
and pethaps lure combat- 


comet clash 
‘weary impact specialists back into the fray 
RICHARD A, KERR. 


(Another 500 or so chimps avail- 
able for biomedical research are 
funded by primate facilities, 
pharmaceutical companies, and 
‘other grants.) 

Both the Humane Society of 
the United States and the New 


England Anti-Vivisevtion Society 
have called for ending the use of 
chimpanzees in “invasive” bio- 


medical research, Indeed, the 
Humane Society claims thy 
campaign—ineluding nearly 
2,000 letters to NCRR 
part responsible for the decision, 
John Harding, who heads primate 
resources for NCRR, says the 
society is mistaken and that it was 
purely a fiscal issue, 

NCRR instituted the breeding moratorium 
in 1995, largely because AIDS vaccine 
researchers ended up abandoning the expen: 
sive chimp model when they realized that the 
animals typically suffer no harm from HIV. 
Afier seeking input from outside experts, 
NCRR extended the moratorium three times, 
No outside body—ineluding NCRR’s chim 
panzee working group—has recommended 
ending breeding completely, “I's very inappro- 
priate.” says Varki, Although the working 
group has been consulted on the moratorium 
before, Handing says it made no recommen: 
lation on this topic att st meeting in Mach, 

\Varki hopes several NIH branches might 


each chip in a few million dollars to rest 


the program, But if history is any indicator, 
the institutes enjoy their distance from this, 
contentious issue. “JON COHEN 
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Yes, it can happen to you: 
Hf you're a young scientist making inroads in neurobiology 
research, the next Eppendorf and Science Prize for 


Neurobiology could be yours! 


This annual research prize recog 


ss accomplishments 


In neurobiology research based on methods of molecular 


‘and cell biology. The winner and finalists are selected by 


a committee of independent scientists 


aired by the 


Editor-in-Chief of Science. Past winners include 


ost-doctoral scholars and assistant professors. 


To be eligible, you must be 35 years of age or younger. 


WW you're 


lected as this year's 


‘$25,000, have your work published in the prestigious jour 


‘Science and be invited to visit Eppendor in Hamburg, Germ 


Get recognized! 


www.eppendorf.com/prize 
www.eppendorfsciencepri 


org 


Science 
PRIZE FOR 
NEUROBIOLOGY 


PROGRAM EVALUATION 


Researchers Fault U.S. Report 
Critiquing Education Programs 


A new Education Department report that 
scolds US. science agencies for doing a poor 
Job of evaluating their combined $3 billion 
‘education programs is itself getting a harsh 
‘evaluation from researchers. In particular, 
they object to its recommendation that ran- 
domized controlled trials (RCTs) should be 
the gold standard to judge how a program has 
affected students, RCTs, they argue, are ill 
suited o handle the complexity of most class- 
room settings and fil to tell evaluators why a 
particular intervention has worked. 

The 87-page report” was written by an 
interagency panel chained by Education Sec- 
retary Margaret Spellings. “We've laid out 
the metrics for agencies to follow.” says 
Kenneth Zeff, senior consultant for polic 
development within the Education Depart: 
ment, “And we think that RCTs, when appro- 
priate andl possible, are the best way to learn 
ifsomething works” 

‘The report includes an inventory of all fed- 
«eral science, technology, engineering, and 
‘mathematics (STEM) efforts some 105 pro- 
sgrams aeross 12 Cabinet departments and 
independent agencies, covering everything 
from museum exhibits to graduate research 
fellowships. The panel, called the Academic 
Competitiveness Council (ACC), also 
requested stules that had evaluate the effec 
tiveness of those programs, "We asked them 0 
itive us your best stu” says one federal offi- 

ial involved in the process who requested 
“anonymity. The council reveived 115 studies 
but concluded that only 10 met its test for 
rigor—and of those, only four showed "a 
‘meaningful positive impact” on students. 

‘There's a reason that total isso pals 
researchers. RCTS, commen used to test the 
efficacy of new drugs or medical treat- 
ents, aren't appropriate for most educa- 
tion programs because they can't han- 
*wniued govabonTnisedConpeienesd 
emabscencerper pl 


wwewsciencemaa.ora 


de the complexity ofthe classroom or other 
real-world settings Students are not pills, and 
‘valuations that are blind to why a particular 
intervention works aren't very useful. “It's 
had to not be for rigor.” says Iris Weiss, head 
‘of Horizon Research Inc, a contract research 
irm in Chapel Hill, North Carolina. “And 
they are right that an RCT is well-suited to 
demonstrating impact. But if you can't say 
when, for whom, and under what conditions it 
‘works, what good does it do you to know that 
something was effective?” 

“Math educator Jere Coney of Washington 
University St. Louis, Missouri, says that the 
report reflects “business as usual” by the Bush 
‘Administration, The Education Department 
has heavily promesed the use of RCTs through 
its research arm, the Institute of Education 
Sciences (Science, 25 March 2005, p. 1861). 
By putting RCTsat the pinnacle of so-called 
hicrarchy of study designs (see drawing), 
‘Confrey says, the report reinforces an “out- 
dated model” of evaluation. Contrey. who 
‘haired a 2004 study by the National Acade- 
mies’ National Research Council on evaluating 
Prevolleys math programs that the ACC report 
cites approvingly. says the ACC “picked up 
from our report the fact] that most evaluations 
‘didnot meet our standards, Butthey missedthe 
idea of multiple evaluations, using multiple 
mcthods, to come up witha theory of change.” 

The ageney with the biggest stake in fed 
‘eral STEM education, the National Science 
Foundation (NSF), has funded precisely that 
type of work for decades. NSF officials have 
‘dcclined to comment publicly on the report, 
which was released 10 May by the Education 
Department. and researchers say that they 
aren't surprised. As one researcher who 

requested anonymity noted, “I think they 


\ are hunkering down and hoping that the 


‘emphasis on RCTs fades once this 
Administration leaves office” 
JEFFREY MERMIS 
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Hunting for Genes ... 


Canada has joined the growing lineup of coun 
tries setting up large databases in hopes of 
finding links among genes, the environment, 
and common diseases. Last week, the Canadian 
‘government and the province of Quebec 
reed to spend $28,7 million over 3 years 
for CARTAGENE, a long-term health study that 
will begin by recruiting 20,000 Quebecans 
aged 40 t0 69. Another $6 million will (und a 
consortium based atthe University of Montreal 
helping CARTAGENE and other biobanks to 
harmonize their data, ~JOCELYN KAISER 


and Martian lons 


BENING —With two successul crewed space 
tights under its belt and a moon mission on tap 
{or ater this year, China has announced plans 
{or its first voyage to another planet—with 
Russia as its partner. In October 2009, Russia 
will launch & pai of probes to Mars and Phobos, 
‘one of two martian moons, The Russian hal of 
the duet is alander that wil collet soit samples 
‘0m Phobos and vetum them to Earth, while 
Chinas contributing a 110-kilogram satelite 
Called Fluorescent Light One that wil study the 
‘martian ionosphere The work wil accelerate 
the development of Chinese remote-control 
technology, says chet technical engineer Chen 
‘Changya of the Shanghai institute of Satellite 
Engineering. Chen says that China and Russia 
have no plans to share mission data with other 
counties, apart from what is released in pubs 
lished papers. The Chinese mission budget is 
also under wraps, “GONG VIDONG 


Strong Start for Physics 
Howse Democrats have trumpedte White 
‘House in their support for physical sciences, 
Last wee, a spending pane allocated $45 bi 
tion for the U.S. Department of Energy's (DOE's) 
Ofce of Science, 216% boost ove curent le 
ets and $116 milion mre than the White 
‘House request, “I'm thrilled,” says Michael. 
Lubell of the American Physical Society. 

The appropraiors were set However, on 
amen DOE ety modeled ater te Penta 
gon’s Defense Advanced Research Projects 
Agency that was proposed by the influential 
2005 National aden” Gathering Storm 
Tepe asa way 8 “Sponsor eit, ou of 
the-box” energy studies, The House Science 
and Technology Committee has authorized 
$4.9 billion ove 5 years for sich an agency, 
but competing bln the House and Senate 
cn innovation and enetgy cast some doubt on 
the ure of teeny called ARPA. 

“eur TSCH 
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SCIENTIFIC WORKFORCE 


U.S. Immigration Bill Would Extend 
Warmer Welcome to Highly Skilled 


A clock began ticking for India’s Anjali 
Mahajan as soon as she finished her Ph.D, 
n biophysics from Ohio State University in 
Columbus last December. Under U.S. immi 
gration rules, Mahajan had 1 year to find an 
employer willing to sponsor her for a work 
visa, known as an HI-B. The window 
| far too short to find the job she 
‘Wanted, as a research scientist in the phar- 
maceutical industry, Returning to India 
wasn’t an attractive option, either, because 
her husband had a good US. job. 

And so, in April, she settled for plan B, 
which wasto rem mia. By aceept- 
ngaposition as apostdoe at the University of 
Mlinois, Chicago (her husband gor a transfer 
there), she’s all but guaranteed a timely work 
visa because of a rule exempting academic 
jobs from the annual H-B cap of 6 

Foreign studentsmay have more 
than Mahajan did if Congress passes a massive 
migration reform bill that the US, Senate 
began debating last week. Two provisions i 

¢ legislation would help somebody 

in Mahajan’s position. One 
2 years the time allowed for foreign students to 
obtain an HI-B. The sevond would increase the 
H11-B eap fron 65,000 to 115,000, with the 
option of raising tt 180,000, 


U.S job in specialty occupation 
Scored atleast 75 on TOEFL 

5 years US. experience 

Degree ina STEM or heath field 
US. jb in STEM o Health fed 
Recommended by US, employer 


woweS GSS 


Top scorer. foreign-born scientist wih a graduate degree who has worked inthe United States for S years 
would earn 90 points toward a green card under the Senate bil 
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The overall bill would alter the landscape 
th-ech immigration. One of is pillars is 
a framework fora new ment-based system of 
that would strongly favor young workers 
with advanced degrees in science and engi- 
neering fields, including Mahajan, Under 
this system, individual applicants would be 
arded points toward their so-called green 
ccanl based on specific criteria such asa grad 

yployment in a STEM (sei- 
cence, technology, engineerin; 


Js out of 
100, a fairly high rating.) The 140,000 appli- 
1s with the best scores » 
green cards annually. After 8 years, the mum 
ber would rise 40 380,000 3 
The bill (S. 1348) has drawn mixed 
reactions. “Allowing students 2 years to 
find a job in theie field is a good move that 
would help dea global talent to 
US. universit 
the Wash 
Graduate Scho 
Jent about the point system. 
have been suecessful in som 
its specifies will determine whether it 


uld receive 


‘would increase our competitive position, 
Those specifies are alre 
heartache. Businesses feel they are being 
pushed aside, Unlike the current system, 
which hinges on employer sponsorship. 


Jy causi 


recommendation from an employer earns 
only a handful of points, “The points don’t 
ensure that the worker will be fully 
employed and beneficial to the economy,” 
says B. Lindsay Lowell, a demographer at 
Georgetown University in Washington, 
D.C. Lowell would like the employer's word 
to carry more weight. 

‘Observers say that the system could also 
fewer foreign students at U.S. univers 
ies asa graduate degree has the same value 
reganiless of where itis earned, A better way 
of attracting and retaining forvign talent would 
bbe to staple green cards wo the degrees of for- 
eign students graduating with master’s and 
Ph.Ds from the US.." says Lynn Shotwell of 
the American Council on International Per= 
n Washingn, DC, “These are people 
that we simply don't want to turn away.” 

Shotwell says the point system also 
eaves applicants guessing whether they 
will qualify for permanent residency, In 
contrast, Canada and Australia allow indi 
viduals who reach a set passing mark to 
become 
a skilled foreign works 
‘fone country says you 
ncy, buy a house, get settle, 
and move on with your life, and the other 
country says: “We can't guarantee tha 


dents, “The mess 


‘will get it where would you rather g 

Although Shotwell thinks the bill doesn’t 
far enol n talent, 
others sy it recklessly flings open the doors, 
Jack Martin of the Federation for American 
Immigration Reform in Washington, D.C 
which favors stricter laws, says that some of 
the bills provisions will continue to depress 
the wages of US. workers, Instead of raising 
the HI-B cap, Martin says, Congress should 

festructure the program s0 th 
to real market need for foreign workers” 
through metrics such as “rising salaries for 
‘workers in a particular job classification, 

Martin also opj bling the time 
allowed for foreign students to find a job, 
He says that the ch: 
new category of workers who can be taken 
advantage of by American employers before 
being hired permanently. 

Legislative aides predict that the pro- 
visions increasing the HI-B cap and the 
time to find a job will remain in the bill, 
which will be voted on later this summer, 
but that the merit-based system will face 
~YUDHIIT BHATTACHARJEE 


it responds 


1¢ simply creates “a 
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Stern Looks for Way Out of NASA‘s Budget Squeeze 


His $5.4 billion bus 
NAS. 
ceancel space projects nearing launch or ask 
for more money. Instead, Alan Stern says he 
intends to beef up lunar science, champion 
smaller and less complex spacecraft, and 
insist on hard-nosed cost estimates before 


is stretched thin, but 
‘snew science chief doesn’t plan to 


larger missions ean win approval 
‘Stern, a planetary scientist who took over 
‘on 2 April laid out his plan to revamp the 
y's troubled seience effort in his first 

g discussion with reporters on 


the rising cast of several mis- 
sions ina science budget that's unlikely to 
grow beyond the 1% increase for 2008 pro- 
posed by the Bush Administra 
priority. “T don't have to kill any 
he insists, But he said NASA will consider 
firing those principal invest 
out of con 


also wants ups decadal studies 
by the National Academies to put a 


addin; 


to plow millions of 
dollars into independent estimates for use 
ils. AT May acade- 


better cost estimates 


by the academies’ p 
smies' report agrees th 
are critical. Joseph Alexander, study diree 


HIGHER EDUCATION 


Small is good. 


tor of that report, s 
panel are “sympathetic in principle” to 
including what Stern calls But 
he cautioned that it's not clear how specifie 


survey can or should be in laying out costs 

Stern also wants todo for the moon what 
NASA did in the 1990s for Mars, when it 
committed to flying a mission to the Red 
Planet every 2 years, Starting with a 
$20 million fund in 2008, Stern wants to 
buzz for what he calls “spectacular” 
lunar science. That effort, along with tar- 
geted missions to the moon, could make use 
of spacecraft already planning to use Earth's 
gravity on their way to other destinations as 


‘Good results feed 

he says. “You don’t con 

seript people into seiemtifie fields: they go 
where the excitement is.” 

He also defended NASA's approach to 

earth sciences, which has been eriticized for 


escopes, 


a lack of attention to global climate cha 


‘We'll be very aggressive” in backing the 
adal study of the 
field, he says, cit n 
of the Global Precipitation Measurement 
ission, He also promised greater use of 
saper suborbital missions from NASA. 
ps Flight Facility in Virginia, "We're 
going to adva earth sei 
ences,” he says, 
heads in doing 


academies’ recent dei 


ng the recent restorati 


nce the ball 
and we're going to turn 
ANDREW LAWLER 


Australian University Is Latest to Pull Up Stakes in Singapore 


al 
her education suffered a set- 
University of New 
Sydney, Australi, 


Singapore's hopes of becoming a reg! 
center for bi 
‘back on 23 May when 
South Wales (UNSW), 
‘announced itis abandoning plans to establish 
a compr ity there, The new 
school was to be a key part of Singapore's 
“Global Schoolhouse” vision, which aims to 
fistera knowledge ny. 
Both sides had high hopes 3 yea 
when Singapore chose UNSW fr 
among 15 aspirants to build a university to 


complement three existing local institu- 
tions (Science, 30 April 2004, p. 663). 
Plans called for the campus to eventually 
enroll 15,000 students and house biotech- 
nology 
with Singapore's push to become a bi 
medical powerhouse. 

UNSW Asia opened its doors last March 
with 148 students, less than half ofthe 300 it 
hhad hoped for. Second-semester enroliment 
‘was also anticipated to fall short of the u 

The venture is “unsustain- 
UNSW vice-chancellor Fred Hilmer 


nd related research that woul! fit 


said in a statement. UNSW Asia is slated to 
shut down on 28 June. A key factor behind 
is that construction, 
$96 million worth of 


the decision’s timiny 


Brookman. Th 
rent students i 


has bit a snag in its efforts to lure foreign 
universities to the island nation, In 2005, 
talks with the University of Warwick, UK. 
to establish a second comprehensive univer- 
sity collapsed. reportedly after concerns 
about costs and academic freedom. And last 
June, Singapore’s government and Johns 
Hopkins University in Baltimore, Maryland, 
shut down a joint research and education 
program amid acrimonious claims over who 
‘was to blame for failures to meet 
faculty recruitment, student enrollment, and 
technology transfer to local industry 
other issues. 

‘Singapore says itis undeterred by the lat- 
in. “We are fully committed to 
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developing Singapore into a premier eduea- 
tion hub,” the Econo 
Board (EDB), which is spearheading Global 
said in a statement, An 
EDB spokesperson says that the few failures 
must be viewed against a Jong list of suc 
cesses, including a branch of INSEAD, a 
nch business school offering MBA pro- 
since 2000. And plans are afoot for 
Duke University Medical Center and the 
National University of Singapore to establish 
‘4 medical school using Duke's curr 
‘One lesson from UNSW’ about-face is 
that M-shore 
campus, especially one combining teaching 
and research, says Philip Althach, director 
ofthe Center for International Higher Edu: 
cation at Boston College, Universities with 
international ambitions have been unable to 
persuade key faculty members to uproot 
and move to unfamiliar locations, he 
explains. “There is no successful example” 
to follow, Altbach says. UNSW could not 
succeed whet 


Schoolhouse 


it is not easy” to set up an 


others have filed, 
“DENNIS NORMILE 
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A New Twist on Training Teachers 


Major U.S. research universities are beginning to steer some of 
their best students into the classroom in order to address a serious 
shortage of quality science and math teachers 


HEATHER MCKNIGHT DIDN'T THINK SHE about teaching. or about me.” she recalls. 


\was “throwing away her career” by wanting “All they cared about was their research, 
to become a science teacher, But that's why The next year MeKnight did a summer 
her professor warned when McKnight research project at Brigham Young Univer- 
bbroached the idea of teaching in the public sity (BYU) in Prova, Utah, and loved it. 


schools dur arch stint in a “The teachers cared. and the classes were 


nanofabrication laboratory at Comell Uni- more fun.” So McKnight transferred to 
versity, MeKnight had gotten a similar reac BYU—and last month she graduated with a 
tion from faculty members—and fellow stu physics degree and a certificate to teach sec 


dents, for that matter—at Carnegie Mellon ondary school science. She's finishing up an 
University in Pittsburgh, Pennsylvania, on-campus job—designing an online virwal 


nother research powerhouse, where she science pr 
spent her freshman and sophomore yearsasa —_lisher—while she sifts through several 
physics major. “They just didn’t seem to care fora high school teachi 


am for an academic pub- 
Ters 


back ea 
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Last year, BYU, a private institution run 
by the Mormon Church, graduated roughly 
‘of all the new physics teachers produced 
in 2006, 

duction of 


Iis class of 16 dwarfs the p 
any other university and even most states 
McKnight didn’t know that fact when she 
arrived in Provo ai 
church mission in Spain, But she knew the 


+ completing a 2-year 


hhad taken, from former Utah state physics 
teacher of the year Duane Merrell, “was 
incredible. And what I loved most,” she 
says, “was the linkage between the labora 
tory and the classroom, the science and the 


gy. That’s what had been missin 
everywhere else 

MeKnight’s odyssey may su 
answers to perhaps the most pressin, 


est som 


‘question of the day for U.S, science poliey 


ers How © 


n the country produce 


more and better science and math teach- 


ers? This spring, Science visited BYU and 
two other campuses—the University of 
Texas (UT), Austin, and the University of 
Colorado, Boulder (CU-B)—that are tack- 
ling the question in different ways. 


Adm 


strators on each campus 


At Texas, the effort is 
aceted 10-year-old 
become a national role model for turnin, 
STEM (science. technology. en 
and mathematics) majors into 
teachers. The UT approach, well-funded 

‘with a frontal 


and comprehensive, be 
assault on the problem by encouragi 
entering STEM majors to consider 
ing, Those attracted into UTeach 

room experience in local schools beginning 


in the freshman year and take courses in 


SWewsrocus i 


Teaching trailblazers. Uleach graduate Marshall Hester (ef has taught biology forthe past S yeas at Travis 
High School in Austin, Texas. Science educator Duane Merrell (op) works with BYU undergraduates in 
physics cass. Above an Thacker Ueftforeground) helps other University of Colorado, Boulder, students in Nis 
tole asa learning assistant for an undergraduate physics dass. 


allel with their STEM 
» graduate students in 


in pi 
cal is 


ing certification (see p. 1275), 
Colorado is pur 


ductory science and math courses. The 
ives STEM majors their first 
taste of teaching, as aides to the profes 
sors. Concurrently, all the LAs attend a 
weekly class on education and learning 
theory that is taught by master science 
and math teach 
LAs who decide to become teachers late 
x classroom experienc 


s. A small percentage of 


n local schools 


and take additional pedagogy courses 
(see p. 1276). 


The BYU program is built upon old- 
fashioned nurturing of every STEM under- 
uate with an interest in teaching. It's 


rooted in the idea that science and math 
departments should take responsibility for 
training future teachers, working with mas- 
ter classroom teachers who know how to 
ony. Ihalso takes 
many students, 


combine content and pe 
advantage of the fact tha 
includin, 


McKnight, have already com 
pleted a 2-year mission for the Mormon 
Church that has often given them their first 
iching along with theit religious 
activities, Those students tend to he more 
certain of their career goals, say BYU 
ready to take advantage 

combines research and 
Contiwed on page 1273 


administrators, a 
of a program th 
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BYU TAKES TEAM APPROACH LED BY A MASTER TEACHER 


PROVO, UTAH—Duane Merrell looks like a high school science teacher 
Which is a good thing, because that’s exactly what Brigham Young 
University (BYU) wanted when it hited the award-winning Utah physics 
educator 3 years ago into a new position asa clinical faculty member. But 
driving around in his Isuzu pickup to visit student teachers and their 
‘mentors in schools across the Wasatch Valle, the rumpled, laconic 47-year 
fold Mormon also comes across 
a5 3 modern-day sheriff of 
higher education, out to 
restore order on the nation’s 
chaotic frontier of training sc: 
fence and math teachers. 

So far, Merrell is making his 
presence felt, BYU's annual 
production of science teachers 
‘exceeds those for many states, 
let alone individual institu: 

fons, which suggests he’s 
doing something right 

Although its affiliation with 
the Mormon Church adds a dis 


pen.” He adds: “The biggest single thing that we've done in the past 
10 years for training science teachers was our hiring Duane.” 

‘Merrell, who has received a presidental teaching award and numerous 
sate teaching honors, teaches three courses that form the core of the 
Physics education curriculum (along with more traditional education 
‘courses and student teaching). Students must complete all but thee courses 

‘of what's needed for a tradi 
tional physics degree, and 
‘many students find a may to 
cram those additional courses 
into their schedule, Merrell’ 
{goal istoconnect the pedagogy, 
with the science so that these 
future teachers “will have mul: 
tiple ways to engage ther stu 
dents” Despite a heavy teach: 
‘ing oad, he tries to get off cam 
pus and into the schools as 
much as possible, checking on 
the progress of the students, 
offering tips on how to present 


tinct service component to its ‘aooo-o1wI-02 02-03 
educational mission, BYU tra 
ditionally dite better than 
the average US. research un 
versity in producing science 
teachers, ‘We had seen a decline to about one oF two graduates, in a ro 
‘ram that resided within the College of Education,” explain Eat Wooley, 
ean ofthe Collegeof Physical and Mathematical Sciences (MPS) at BYU. To 
help tum things around, Woley sys, “the cllege of education agreed to 
transfer the program and faculty slot [to MPS), We realized that we had to 
increase the engagement of ou science faculty in educating teachers. And 

we needed the right person to make that hap 


Prime Mover: Robert Clark 


Full-service education. BYU's annual output of secondary school science teachers 
‘dwar that of most universities, and even some states. 


‘UHDEOHOS W506 Ve a lesson or lab, and helping 

a them prepare forthe profession 
they have chosen, Merrell 
hhand-selected many of the stu 
dents! mentors and created & 
teachers’ advisory counci to tap their expertise. “It's the fist time we had 
asked their opinion about what we were doing,” he notes. 

“Duane is something special,” says Tom Erekson, a mentor physics 
teacher at Lone Peak High School, who graduated from nearby BYU in 1994 
as “the only physics teacher in my class.” Erekson says Merrell is proof of 
how much one person can do to invigorate a program. 

‘Mesrell holds an open-ended faculty appointment, which gives him the 

institutional staying power absent from other 
‘programs in which educators spend 1 year on 
‘campus as a teacher in-resdence, “My frst year 


‘was 1969, and pyscsts with nenly minted P.0.s were allegedly 
driving taxis because they couldn't find academic positions. So 
BYU physicist Robert Bent Car, then a junio faculty member athe 
University of Texas, decided to expand young physicists’ career 
choices. He scoured the country and came up with 75 job openings 
{or high school scence teaches. Then he posted those openings — 
‘more than the total from acadernla—at the job fair during the next 
meeting of the American Physical Society in a performance that 
elicited gasps rom older members but heartfelt thanks from the 
ranks of his unemployed colleagues. The effort aso launched Clark, 


«particle theorist, on a parallel 30-plus-year career in physics education that would include the 
presidency of the American Association of Physics Teachers, 


The avuncular Clark has never worried about going against 


grain: At Yale, where he 


eared his undergraduate and graduate degrees, he chuckles that “Iwas known a the mattied 
‘Mormon football player." And when a faculty opening in 2000 gave him and his wile a chance 
to return to Utah, Clark says that “I think they were expecting to hire someone right out of grad 
School. But they went with a araybeard.” 

His colleagues say Clark isthe tinder that has rekindled the university's commitment to 
preparing physics teachers. And when the education department handed over its lot to the Col 
lege of Physical and Mathematical Sciences, Clark called up Merrell and twisted his arm to apply. 
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vet by ina blur,” he recalls “It was the end of 
the year before treaizd all the changes that 
‘need to make inthe second year.” 

Despite his celebrity status among his peers, 
‘Merrell says his work is far from ove. He's onthe 
‘prow for master teachers to cover STEM (science, 
technology, engineering, and mathematics) 
fields which he isnot expert. The so-called cin 
ical faculty assistants will help out with large 
introductory courses and—if they so choose— 
take oraduate courses to further enhance their 
Skis He’s recruited one in biology and one in 
‘math, and in the earth sciences, he's just fund a 
“hybri who wll keep one foot in the classroom, 
‘And then there's a new “Physics for Inquiry” 
class, It's designed to ave students enough con 
fidence to stick with that hands-on approach to 
teaching science, even when the going gets 
tough, rather than fallback onthe traditional 
lecture style of teaching. t's all ina day's work 
fora pedagogical sherif, JEFFREY MERVIS 
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Continued from page 1272 
education objectives (see p. 1272). 

‘These are not the only U.S. universities 
and colleges experimenting with ways to 
improve the supply and taining of teach- 
cers for the nation’s schools. By far the 
largest test bed is in California, which has. 
jun a (wWo-pronged attempt to massively 
¢ the output of STEM teachers by 


inet 
its state-supported universities (see 
p. 1279), Some programs, including a 


portion of the California initiatiy 
consciously modeled after UTeach. But the 
decentralized nature of U.S. higher educa 


Shopping for data. BYU student yacher Heather MeKnight ented 
sandbags and shopping carts to help a middle schook sence cass 


Understand the cancept of acceleration 


as well as different state req 
for teacher certification, mean that even a 
highly regarded program must be adapted 
to local conditions, 

Despite these differences, educators 
seem to agree on the essential ingredients 
fora successful program, They include: 

+ Sending talented undergraduates the 


message that teaching is valued. 
* Giving studentsan opportunity for early 
syperiences so they ean find out 
whether teaching is right for them. 
+ Enlisting experienced classroom teach= 


i 
a 
i 
: 
i 


dents. and working with faculty members, 
‘Teaching the subject matter along with 


jing links betwi 
departments and schools of education on 
pus. 

+ Persuading faculty members that good 


teaching is part of their job. 
Incorporating these 


and UT, however, And the transformation is 
far from over. 


The challenge 
The push to improve US. math and science 
education is being fueled by a depressing 
stream of state and national assessments, 
documenting poor performance, as well as 

al tests showing that U.S, students 
‘worse than their peers as, 
they move through the education 
system. The sense of urgency ts 
captured in the title of a 2005 
report by the National A 
mies (Scienc 


nd better sei 
‘math teachers a 
continued U.S, leadership in 

ne driving the 


e result of 
‘many factors including the lure of 
hhigher-paying industry jobs, high 
attrition and burnout, an aging 
workforce, 
sd population, Un 
‘ies in the private sector, 
cher shortage doesn’t trans- 
late into a teacherless classtoom, 
Rather, too often the posit 
filled by an “out-of-field” teacher: 
that is, someone with little or no 
college training in the subject, In 

2000, for example, 1 


Jet like math, the figure is 31° 
A move is under way to change that. The 


current Congress is awash in legislation that 
‘embraces the Gathering Storm report's call 
for "10,000 teachers, 10 million minds" by 
expanding federal support for undergradu- 
‘ates majoring in STEM fields (Science, 4 May 
P. 672). Bills passed recently by the Senate 
(S. 761) and the House (H.R. 362 and 
HR. orize hundreds of 
millions of dollars a year for the Robert 
Noyce Scholarship program at the National, 
Science Foundation (NSF), which gives, 
money to STEM majors who agree to teach, 
a high-need school districts. Another set of 
billsjust introduced (H.R. 2204 and. 1339) 
would create a similar program at the 
Department of Education. Spending bills 10 


72) would aut 
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r High Means a 
Senior Commitment 


Doug Pance has seen a lot in his 18 years as 
23 junior high school science teacher, But it's 
what he hasnt seen that makes Pane such 
an asset to BYU's science teaching training 
program. “You can never think of all the 
things thatthe kids will ak,” he says, with a 
‘nod toward his eighth-grade class at nearby 
ak Canyon Junior High in Orem, Utah, 
“Their creativity hasn't been stifled.” He 
retains a similar respect for the 14 student 
teachers that he has mentored over the 
years, the latest being Heather McKnight 
(see main tex). "Mter all these years, 'm stil 
earning how to teach. certainly don't have 
all the answers.” 

Panee isbeing modest, says BYU's Duane 
Merrell. Master teachers like Panee who are 
wing to share ther classroom expertise and 
their knowledge of the profession wit stu 
dents have a great dea to offer the progra 
says Merrell. They allow students to make 
their own mistakes —ve had teachers try to 
hand my kids ast of lesson plans, but that's 
‘not what the practicum is supposed to be 
like,” Merrell explains—while at the same 


time providing weful guidance on classroom 
‘management and pedagogy 


The relationship nurtures students 
through thei internships and into the profes: 
sion, giving them the type of support Panee 
wished he'd had when he began his career 
alter graduating from BYU. “| was ready to 
quit after 3 days,” he recalls. “My wife and 
mother told me to stick it out,” Nearly 
2 decades later, McKnight is glad he di 
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fund such programs starting next 
{just beginning to move through Co 
the meantime, the private sector ist 
ing. This month, the ExxonMobil Founda- 
tion will hold a meeting in Texas about its 
$125 million National Math and Science In 
tiative (NMSI) that hopes to replicate the 
UTeach program at dozens of college cam- 
puses (nationalmathandscience.org). 
Although money is always needed, many 
science departments actually haw 
problem with the very idea that they should 
help prepare the next generation of sciene’ 
and math teachers. That job has tradition- 
ally been left to schools of education. “It’s a 
sea change for major research universities, 
who traditionally have never prepared 


bigger 


teachers," says Bruce Alberts, a biochemist 
at the University of California, San Fran- 
cisco, and past president of the National 


Academy of Sciences, who made improving 
1n one of his priorities dur- 
ing his 12-year tenure. 

Equally radical is the concept—eagerly 
‘embraced at BYU, UT, and CU-B—of tap- 
ping into the knowledge of experienced 
classroom teachers to improve campus- 
based instruction. By hiring people with 
many years of experience teach 
in the local schools, the three universities 


science edu: 


wisdom that fac 
department are the 
their subject. 
“When I started out, I thought that any 
‘one who had a degree could teach college: 
says Mary Ann Rankin, dean of the UT Col- 
lege of Natural Seier 
UTeach program. * 


ty members in each 
font of all wisdom in 


UTeach Makes Marshall Hester a Lifer 


‘An overcast, humid spring day inthis capital city finds Marshall Hester sweating through another 
biology class at Travis High School in Austin, Texas. W's an ESL—English as a second language- 
lass in a high-needs school, and Hester wrestles with his les-than-fluent grasp of Spanish, the 


dominant language for his students. Winding down 


3-week ut 


on plants, he uses his laptop. 


computer to display a warm-up exercise showing across section ofa lea 

“What process is going on here?” he good-naturedly pumps the students, pointing to the top 
layer ofthe drawing and straining to hear someone toss out the word “photosynthesis.” Then he 
‘maves down the image. "And why i this layer on the bottom?” he asks, hoping for a mention of 


respira 
his easy bantering, “We just di this, and I 


“1 kno, it's not easy,” he says encouragingly. But there's also a note of rust 
litle disappointed that you don’t remember.” 


A graduate ofthe University of Texas with a degree in biology and certification to teach sec 
ondary school science, Hester was part of the second class of the university's UTeach program. 


Teaching wasin the back of his 


ind after high school biolog 


her turned him on to the won 


ders of plants although the initial education classes he took at UT were a drag. “Butte Step and 


1 classes mere great—it wasnt easy, butt was fun,” he recalls. Now Hester is hooke 


He's in is 


fifth year of what he expects to be a career at Travis. Asked why, he responds: “Is it comny to say 


\ that ?m doing it fr the kids?” 
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research university like UT probably can 
survive any type of teaching. But its so easy 
to turn off kids from science, By working. 
With the college of education, we can help 
faculty acquire the tools to do better.” Adds 
Michael Marder, a UT physicist and director 
UTeach, “The real keys to our program 
are the former K-12 teachers serving as 
‘master teachers, who will be the role models 
for our students. These are the people who 
wake up every day saying, How can | 
improve my teaching’ 
Most STEM teacher-trsining pr 
assume thatthe best teachers will have both 
a solid grasp and love of their subject 
ter. But the way most un 
undergraduates undercuts that assumption, 
Historically, students who have done well in 
high school science and m 
channeled into undergraduate programs 
mnphasize research, not teaching. Then 
the best collegiate performers are encour 
aged to go on to graduate school. In con- 
trast, STEM majors who choose 
the elementary or secondary school class= 
room are regarded as washouts, not wine 
ners, That was certainly the message con= 
veyed to McKnight, who grew up in a col- 
lege town outside New York City with a 
biology professor as a father and who 
assuimed that her interest in science would 
lead to a career as an academic researcher. 
The BYU, CU-B, and UT pro; 
broadcast the opposite message, and offi- 
cials at each school say that is an important 
ingredient in th ieoming 
UT freshman, for example, gets an invita- 
tion from Rankin to check out the UTeach 
program. part of an ongoing and a 
recruitment effort by the university. Each 
class in the first pedagogy course for Cole 
orado’s LAs begins with pizza and sods, 
Both Texas and Colorado also offer Noyce 
scholarships, which provide up 10 $10,000 
year for 2 years, “We're telling those who 
‘want to go into teaching that they are our 
elite. That's the opposite of what we have tra 
ditionally told them” says Richard MeCray 
a professor emeritus of astrophy'sies at 
CU-B and a co-founder of the LA program, 
We're showing them that we plan to tr 
them well—with scholarships and pizz 


ms 


i 


For love and money 
None of these programs is hugely expen- 
with about 

students enrolled, UTeach has an 
ing budget of nearly $2 mil- 
lion drawn from a variety of sources, 
including a $9 million endowment for 
Continued on page 1277 
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UTEXAS TELLS SCIENCE MAJORS: WE WANT U (TO) TEACH 


AUSTIN, TEXAS—The University of Texas's UTeach's the most sible ofthe 
new wave of teacher-preparation programs. It earned an accolade in an 
influential 2005 National Academies’ report on US, competitiveness, and 
this spring the ExxonMobil Foundation created a National Math and Sc 
ence Initiative to replicate it Is 10-year track record & impressive: From a 
pool of highly qualified students, the university has more than tripled is 
annwal production of STEM (cence, technol- 
‘gy, engineering, and mathematic) teachers 
and kept most of them in the dassroom. 

Butts sucess was far from preordained. 
In 1987, Texas changed its school certifi 
tion laws to require future secondary schoot 
teachers to earn a degree ina disciplinary 
field Designed to make sure that teachers 
acquired more content knowledge in science 
and math, the law was actually driving stu 
dents away from those fields because ofits 
stiffer requlrements, At the same time, the 
state's flagship university wasabi payer in 
STEN teacher taining: Out of some 12,000 
students in the UT graduating class of 1996, 
‘only ive were certified to teach secondary scence and only 16 in math. 

Mary Ann Rankin, dean of UT's College of Natural Sciences, decided that 
Something had tobe done to get more STEM majors into teaching. So inthe 
summer of 1997, she asked a group of master teadves frm the area's pub- 
leschoolso design a curriculum that oul be ready ogo by fall. "The dean 
{old usto assume that nothing would remain the same and not wory about 
the cost" reals Mary Long, the programs fst master teacher, who remains 
guiding light. And a month ater we enol the ist students.” 

What Long and her colleagues dre up remains the basis forthe curent 
Ureach program, ts essential elements include aggresive recruitment of 
potential teaching candidates, an early exposure tothe classfoom as prt of 
{wo tuition free courses, a strong network at 
teachers in local schools who mentor UT trainees 
infield placements, anew sequence of pedagogy 


me Tense Facer 
TL Semmens 
— 


f 
iE 
wall 


Positive trend. Texas's output of science teachers has 
‘soared since UTeach began in 1997 


then tate their gen ed [general eduction requirements, wich, to be honest, 
‘were not the most excting courses.” The new courses, she sys, are relevant 
to what they need to know to teadh scence, and they get o use their knowl 
‘edge inthe classroom.” 

‘Inaddition to an enrollment of nearly 500, UTeah officals ae especially 

‘proud of what happens once students graduate frm the program. More than 
{80% actually go into teaching, and since 
2000, some 92% ofthat pool have remained 
‘in the classroom. That's an impressive reten- 
tion rate fora profession in which 40% of 
teachers leave within their ist 5 yeas, 

From the beginning, Rankin and Marder 
have sought to make the program self 
sustaining witout cutting back on elements 
such as the tuition reimbursement for the 
Initial fel experience courses, called Step 1 
‘and 2; intermhis, otha students can pursue 
‘education elated sume jobs rather than 
ork a the mall and stipends o mento teach 
e15—that could not be funded by the state, 
The solution, they decided, nas an endow 
ment. That's how Jeff Kedosky became the program's financial godlather. 

“Lwas on the deans advisory courkil when she first talked about it, 
and | was intrigued by the ide,” says Kodoshy, a New York native who 
moved to Austin for graduate school and in 1976 co-founded National 
Instruments, which provides measurement and automation software, “It 
as clear we weren't producing many science and math teaches, And having 
‘an education major decide to teach science alnays seemed backward to me: 
‘Why not start with someone who loves scence?” After providing seed money 
forthe initial curriculum, Kodosky and his wie, April agreed in 1999 0 
donate 55 milion. The endowment has grown to $9 milion, with a goal of 
515 million, JEFFREY MERVIS 


clases taught by master teachers in STEM fields, 
and disciptinary classes with faculty members 
modeling best aching practices Jere Coney, a 
prominent math educator who helped create the 
curriculum before moving 4 years ago to Wash 
ington Universit in St.Louis, Missour, sys that 
one fy charge wastinkng each ofthe three new 
pedagogy courses—knowledge and learning, 
Classroom interactions, and project-based 
insteuction—to the subject matter, namely, 
math and science. "Non-content-based methods 


Prime Mover: Mary Ann Rankin 


Mary Ann Rankin launched the UTeach program 
because she believed that the College of Natural Sci 

ences, of which she is dean, needed to become more 
Iinolved in preparing secondary school science and 
math teachers. But it wasn't just an academic exer: 

cise. Rankin’s daughter, then in fourth grade and 
attending a suburban school district with an excellent 
reputation, suddenly went from loving school torefus 

ing to do her homework. An uninspired teacher, she 
‘recalls, had made math “boring and repetitive, ... 


‘Team player. Rankin with UT mascot 


courses are sill,” she explains, 

The program acquired “instant credibility” 
among the faculty when UT physicist Michael 
Marder agreed to sign on as director, says Rankin. 
“He's also absorbed an incredible amount about 
the world of education that has been extremely 
Valuable.” Forging a partnership between the Co 
lege of Natural Sciences and the School of Educa 
tion, says Rankin, was another critical element. 
“Previously, a STEM major who wanted to be a 
teacher would get their major in our college and 
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and the science program was nonexistent.” With a 
twinge of guilt, Rankin says she transferred he toa private school, where she resumed her 
stella academic career. 

This fall her daughter wil stat college (at UT, as it happens). But elementary school sci- 
ence and math are stil on Rankin’smind. She's thinking about jetisoning the two currents 
ence courses for elementary education majors and replacing them with a three-course 
sequence that mould begin with a research methods cours, “tailored to their level,” followed 
by a science component in the early classroom experience all UTeach students get. “They 
would lear so much more, and we would be reinforcing the importance of science inthe ele 
‘mentary grades,” she explains. “So many elementary schoolteachers shy away from science 
because they don’t ike itor don’t understand i, and it turns off the kids at a young age.” 
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COLORADO ALSO SEEKS IMPACT ON CAMPUS 


1276 


BOULDER, COLORADO—The goals of the Physics Education Research 
(PER) group at the University of Colorado, Boulder (CU-8), areas big and 
bold as the Rocky Mountains that foom aver the campus: to improve under: 
graduate student learning and to produce more STEM (scence, technology, 
engineering, and mathematics) teachers. But rather than getting their Feet 
wet by teaching in the public schools, 35 with, 


‘need to become effective teachers. 
The LA program is directed by faculty from the school of education 
‘and the physics department, building upon the pioneering work on 
physics education research done by Lilian McDermatt and others at the 
University of Washington, Seattle. “She convinced the field that physics 
‘education was really physics,” says group mem 


most such programs, Colorado students frst #Paripuing faalty —# Courses tafomed her Steve Pollack, a physicist who migrated 
Interac with thelr peers in an approach that aso ah from nuclear theory to education after using a 
aims to improve undergraduate education. 7 sabbatical to pore over the scientific titerature 
“Back in the 1990s, | won lots of teaching ‘on how students lear. “We've managed to do 
award,” explains Jim Curry char ofthe applied that here t00 
‘mathematics department and an early convert to 7 a Valerie Otero, the effervescent physics edu- 
the program, “But then I found out that the kids 7 catornho runs the LA progam calls Pollack one 
in my litoductory] calculus class were S119 Laying assistant of er “seekers.” Together wth Noa Finkelstein, 
ling ltr on in thermodynamics, and the pro- or ment Students impacted the tro is studying student outcomes in 


fessor would come by and ask me why | hadn't 
taught them, Well, we do teach this stuff, but 
2 yeas later they ve forgotten it The problem is 
that they never really learned 
The program, which Colorado officals have 
dubbed course transformation begins wth fac 
lly members inviting top-performing under 
graduate students in their introductory classes. 
to become learning assistants (LAs in their 
Course the next semester. R's the fist te onthe adder toward becoming 
a teacher. Along the way, they earn $1500 by assisting the professor dur 
ing lectures aswel as unning weekly tutor. n aditin to being stu 
dents with homework sets, the peer tutors explain the basic concepts being 
covered in class. Concurrently, the LAs begin a series of pedagogy classes 
taught by experienced cence educators intended to melé their content 
nowtedge with the sills they wil 


Campus 


\} 


TTust. The goal was to increase technology 


itgot them interested in teaching, | thought, Let's exploit that.” 


This spring, he also found a way to put the LA program on the road to el sustainability offer 
ing $120,000 ifthe university agreed to a threeto-one match. (The donation was made anon 
mously because he felt a public announcement “would be too boastul.") Now retired, he's only 
‘working about 70% of the time. “I helped get this stated, so like to keep lending a hand.” 
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lution. The Colorado program is 
affecting mary aspects of university le. 


Prime Mover: Richard McCray 


CU-B's Richard McCray has done pioneering workin theoret 
‘calieray astronomy that eae him election tothe National 
‘Academy of Sciences. But he says that his late-career quest 
{to understand how students learn—to improve undergradu: 
ale instruction and prepare the nest generation of science 
teachers—“is more ofa challenge and more interesting” to 
hhim, He also thinks i's more important. “Bright students 
don't want to sit passively and listen toa lecture; they want 
to interact. These huge intro courses are acting as a filter. 
‘And we all need todo something about that.” 

McCray stumbled onto the idea of using learning assis: 
tants (LAs) after getting 3 grant from the Pew Charitable 
the classroom in ways that could be sustained with 
‘ut more money. “But | couldn't make it compute.” he confessed. The traditional model, using 
graduate students as teaching assistants, wasn’t economically feasible, he says. “The only way | 
ould doit was by using LAs; you could get seven undergraduates forthe price of one grad st 
dent. And when | found that the LAexperience was extremely powerful fr these students, and that 


Ucassisted courses atthe same time they 
expand the number of courses, departments, 
and faculty using LAs. Although the group has 
won converts across the university, Pollack 
admits that most faulty members “stay where | 
was 6 years ago. They say, "Tiss good mate 
rial, leave it with me and i use i’ But they 
won't do the research themselves that could 
take them tothe next level.” 

Part ofthe reason is that course transformation is hard work, Gabe 
Thatcher, who took a quantum mechanics clas fom Finkelstein last al 
_and ten served as an LA forthe same course this pas semester, marveled 
at hom much Finkelstein tajlored his “clicker questions” —an interactive 
‘method of instruction developed by physics Erk Mazur at Harvard that 
provides immediate feedback on how wel students understand a pari 
lac concept—tothe needs of the students in each class. “He probably only 

‘sed about 60% ofthe questions he had asked 
hen took the course,” says Thatcher “ was 
really impressed.” 

Preliminary results show that both LAs and 
their peers lam moe cence than do those not 
in clases with LAs, and about 15% of the LAs 
<ecde to pursue teaching asa career, (Because 
of high demand fo a limited number ofthese 
paid slots, only students who agree to become 
teachers an be an UAfor more than two seme: 
ters) This fall the program’ fist 11 graduates, 
arved with teaching certificates, wl ete the 
‘classroom, That's half ofthe state's entre output 
'n 2005, a yar that saw CUB graduate exactly 
‘one STEM major certified to teach. 

The on-campus component ofthe program 
aso dovetails witha systematic effort to improve 
the teaching of undergraduate science begun by 
physicist Cal Wieman with money from his 
2001 Nobel Prize Last year, Wieman moved to 
the University of British Columbian Vancouver, 
CGnada, which offered him more resources. But 
he retains an appointment at Colorado, and the 
staff of his science education initiative work 
alongside the LA prooram staf. 
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Continued from page 1274 
activities not covered with 


state funding, And Marder 
has an expansionist bent 
Last year, for example, UT 
began a program to provide 
more first-year students wit 
early research experiences 
using a grant from NSF and 
the Howard Hughes Medical 
Institute. By involving se 
ence faculty members and 
enlisting second-year st 
dents as peer instructors, the 
initiative mirrors some 
aspects of Colorado's LA 
program. Marder’s goal is to 
reach one-quarter of each 
freshman class, with the 
hope that some of them will 
decide to be teachers. 
Valerie Otero, who directs 
Colorado's LA program, bi 
also been adept at attracting 
‘outside funding, The LA pro 
gram began officially in 2003 with a 
900,000 NSF grant, and the next year it got 
«4 $300,000 boost from a physics teacher 
‘education consortium (phystec org) funded 
by NSF and the American Physical Society. 
Last year, NSF gave the Colorado team, 
51,5 million over 3 years to study its success 
in improving student learning and filling the 
teacher pipeline. I’ in fine for $1 million 
more from NSF in 2009, Otero says. thanks 
to the univ 
$360,000 over the next 3 
AL BYU, unive strators say 
they don’t need to rely on outside funding, 
zause the cost of their program is so mod- 
‘est, There are no stipends for LAS, no tuition 
waivers for initial classroom experiences. no 
payments to mentor teachers, Not even 


First steps, Amanda Geist (eft) and Michelle Stachurski explore how children learn 
science in a class fo learning asistants at the Univesity of Colorado, Boulder 


budget for the science education pro- 
_gram is “nothing” compared tothe $100,000 
‘oF $0 that it costs to support a single gradu 
ate student, By his calculation, “once we got 
[Merrell’s] position, we spent $25,000 the 
first year on equipment for field expe 
ments and anything else that he asked for. 
But he scrounged most of it.” 

Universities new to the game can get help 
n adopting some or all of the program from 
the UTeach Institute, which was formed last 
year to disseminate the programs* findings 
after Marder and Rankin started getting calls 
from universities wanting to know more 
about what they had accomplished. Next 
month, the insti- 


Teaching for a Living or for Life 

Gabe Thacher isn'ta classtoom teacher. Ad the senior electrical eng 
ering major atthe Univesity of Colorado, Boulder (CU-8), may 
ever become one. “I like teaching. it's realy stimulating. But I also 
like money,” says the 27-year-old Calfomia native, speaking candidly 
about the anticipated gap between a $60,000-a-year starting salary as 
an engineer and the $35,000 he can expect to eam in 

His calculations include a wife who's planning to return to school and 


the couple's deste fora family 


classroom. 


But Thatcher is closer to teaching than most students in his field, 
having Served as a learning assistant (LA) this past semester for an introductory physics course 
that he took last fall. Asan LA, he also attended weekly classes on how students learn, taught by 
CU-B's Valerie Otero and Steve lona, a retired local high school science teacher. Both experiences 
deepened his appreciation for what it takes to convey information to someone ele. “Even if I'm 
not a classroom teacher, | need to understand how my kids lam and how my co-workers learn,” 
he explains, ‘Asa working engineer, | think being 2 good teacher isa key tool.” 
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eis hosting a conference 
for applicants to ExxonMo- 
bil’ initiative, which this fall 
hopes to give out 10 oF so 
$24 milion grants to univer- 
sities interested in replicating 
the UTeach program. I the 
initiative raises enough 
money, says CEO Tom Luce, 
a retired Dallas lawyer who 
ceame back to Texas last fall 
after a stint as assistant 
secretary for policy in the 
US, Department of Educa 
tion, the number could even- 
tually swell 10 50 sites 
CU-B has applied for a 
grant, seeing it as a W 
grow its program, "We have 
about $0 math and science 
majors in the pipeline, and 
‘our goal for year 4 would be 
to quadruple that number,” 
says Colorado's Otero, “We 
fel that's doable, if thei program isa good 
at recruiting students as they say itis” 
Incontrast, BYU declined to submit an 
application. University administrators didn't 
see the need to seck outside funding for 
something that they were already doing and 
‘would eventually have to Finance themselves, 
anyway. Indeed, the final $1 million ofthe 
NMSI grant, which would ereate an endow = 
‘ment is contingent on a university match that 
demonstrates commitment to sistaining the 
‘changes made possible with NMSI funding. 
For one of UTeach’s newest master 
teachers, 32-year-old Jason Erman, 
becoming a teacher was never about the 
joney. A computer science major at 
Carnegie Mellon, he walked away from 
‘well-paying job at an Austin software 
company during the height of the dot- 
com boom that he says “was paying me 
more money in my first year out of 
school than I'l probably ever earn a 
teacher.” After completing UTeach’s 
master's program, he taught math for 
5 years at Kealing Middle Schoo! in 
Austin before signing up last fall to help 
train the next generation of teachers, 
Likewise, McKnight says that she 
turned down a fulltime job at the pub- 
lishing company that would pay her alot 
more than what she'll earn as a teacher. 
Their career paths affirm the impor- 
tance of what's happening at UT, CU-B, 
and BYU. “It just feels like the right thing 
to do.” says Erman, “And it's something 
that the country needs." 
JEFFREY MERVIS 
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Keep a dozen on hand 
for your PCR challenges 


Using a unique blend of thermostable enzymes and a set 
of 12 standardized premixes, optimization of any PCR 
reaction is quick, easy and reproducible. 


* Up to 85% GC-rich templates 
* Any templates up to 20 kb 

* Multiplex PCR, consistently 

* Low copy number templates 
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EPICENTRE offers a money-back guarantee for successful PCR with one 
‘or more PreMix. If you're not happy, you don't pay. ~~ 
To order yours, go to www.EpiBio.com * 


and enter Quick code: FSAIX > 


California Heads Down Many Roads 
In Search of Best Training Model 


The state’s research powerhouses are feeling their way while the CSU system goes full 
speed ahead in producing more high-quality teachers 


In the nation-state of California, producing 
‘more math and science teachers has become a 
high-stakes numbers ame—with a bewilder- 

ng number of players and more than one set 
ofrules 

Staring at a projected need for 33,00 new 
‘mathand science teachers over the next decade, 
which dwarfs the state's current output, 
Governor Arnold Schwarzs 
pledges in 2005 thom the states two public unk 
versity systems to tackle the problem in return 
forincreased state aid, The 23-campus Califor- 
nia State University (CSU) sys- 
tem, which now proxhices about 
60% ofthe state's teachers in all 
fields, agreed to double its out- 
put of 750 math and science 
teachers by 2010. The Univer- 
sity of California (UC) system 
seta more ambitious geal from 

to quadruple the 

200 students now graduating 
from its 10 research-oriented 
campuses with science and 
math teaching eredentials 

$0 good. But those 
oals hide important 
differences in how the two sys- 
tems are tackling the problem. 
For CSU, its Mathematics and 
Science Teacher Initiative 
a tony 
dining teach 
wh its changes are evolutionary. 
1 new paths to credentialing, improved 
ofits graduates, more partnerships 
ral agencies, and novel w 
high-quality coursework, 

‘CSU schools have already ine 
put by 37% since 2005, raising from 6.3% to 
8.8% the percentage of science and math, 
hers among the total annual production of 
12,000 teachers, “It's top priority forall our 
npuses, and we're doing it throuwh 
of different strategies,” says Joan Bissell, heat 
8 of teacher education programs within the 
§ CSU chancellor's off 
In contrast, training lots of teachers will 
require wrenching changes for mest UC cam- 
puses, their science departments, and individ 
ual faculty members. Many of them bristled at 
8 the idea of taking a top-down approach, so last 


in, 


means building 
provid histo 
ers. Accoru 

mol 


of 


stodeliver 


sed out- 


year, the Science and Mathem: 
(SMD, which implements the system's promise 
to the governor, was transformed from a pro- 
‘gram run out of the office of UC Chancellor 
Robert Dynes to adecentralizedeffor in which 
ach school is allowed to set is own prio 
and decide how best to achieve them, 


and mathematics} 
has been on the back burner nation- 
ally for 20 years,” observes Fred Eiserling 

UC Los An; logist who heads the 


Teachable moment. Chancellors Charles Reed Uf?) and Robert Dynes (right) have 
promised Calilomia Goveenor Arnold Schwarzenegger that thei al State and University 
‘of California campuses will graduate more scence and math teachers 


school’s SMI program and who also serves as 

oordinator forall UC campuses. “At UCLA. 
\we've built up our program with the help of 
‘outside grants, But it never receives the atten 
tionit deserves, SMI willallow each campusto 
ratchet up its efforts” 

(One striking example of the different 
challenges facing the UC and CSU systems 
is their reaction to the new National Math 
and Science Initiative (NMSI) funded by 
ExxonMobil to repli 
Texas program called UTeach (see p. 1275). 
Half of UC 10 campuses have submitted 
applications in hopes of expanding their 
fledgling activities. In contrast, none of the 
23 CSU schools is bidding for the money 

Bissell says CSU plans to stay the course 
with students earning a bachelor’s degree fol- 
lowed by full certification as pan of a master’s 


10-year-old 
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rather 
in 
which students combine classroom experi- 

e, pedagogy, and core science studies ina 
4-year program, Part of the reason is that 
Texas has different certification require- 
iments, she says. But she also points toa recently 
completed 6-year analysis of 1500 California 
math and science teachers. found that those 
who had gone through the “full preparation 
mod!” were better prepared and performed 
better inthe classroom than so-called interns, 
segory that Bissell sys would apply to most 
UTTeach graduates, 

Tn comparison, UC schools were drawn to 
the NMSI program. SMI’ second name, in 

ct. is Cal Teach, in honor of the Texas pro 

gram, But a similar name doesn’t necessarily 

mean the same type of sweeping changes, 

UCLA’ proposal, for $2.4 million over 4 years, 

for example, would permit education courses to 
be counted as part ofthe 

requirement for STEM majors, 

Eiserling makes no apolo- 
gies for the incremental 
approach, “We have 26 dif 
science majors, aeross nine 
departments,” he says. "So 
making this change will take 
time, cost a lot of money, and 
require buy-in from a lot of 
people. If we can yet depart- 
‘ments to agree 10 allow stu 
dents to substitute one of the 
c a 
astronomy course, it will send a 
message that teaching is 
important, And that will help 
change the culture 

history is any guide, how- 
‘ever, even incremental changes 
‘won't come easily, In 1993, 
Heather Calahan graduated from UCLA and 
became a high school math teacher, Two years 
‘ago, she retumed to help aakminist 

a.the schoo!’ Joint Mathematics Ed 
n. IMEP is a 20-year-old effort 
lly the same goss as SMI that has 
limped along without any of the hoopla or 
resources of the new initiative, The program, 
however, also far, SMI 
hasn't meant any additional resources In Fact, 
JMEP request last year for some administrative 
help was tumed down, 

This spring, Dynes told a congressional si 
‘ence committee that as SMI ramps up, “I pre- 
dict we are going to see real magic happer 
‘Calahan can only hope that some of the magic 
\ill rub off on those working inthe trenches to 
prepare more science and math teachers 
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program before they began teaching: 
than veer toward the UTeach mode 


Teach courses far, say. 
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What's the quickest 
link to advances in 
the world of science? 


AAAS Advances—the 
free monthly e-newsletter 
exclusively for AAAS 

essai 
members. — 


Sa 
Was scene 


Each month, AAAS members keep up 
with the speed of science via a quick 
click on the newsletter Advances. 


Look for the next issue of Advances 
delivered to your inbox mid month. Look 
up archived issues at aaas.org/advances. 
Features include: 


*  Aspecial message to members from 
‘Alan Leshner, AAAS CEO 


‘© Timely news on U.S. and international 
‘AAAS initiatives 

** Justreleased reports and publications 

‘+ Future workshops and meetings 

* Careeradvancing information 

‘© AAAS members-only benefits 

All for AAAS members only. 
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Biodiversity Loss in the Ocean: How Bad Is It? 


THE RESEARCH ARTICLE “IMPACTS OF BIODIVERSITY LOSS ON OCEAN 
B, Worm et al. (3 Nov. 2006, p. 787) projeets that 1007 
ill collapse by 2048, The proje 

Worm er al. define “elapse 
highest observed in a stock's 8 


‘OSYSTEM SERVICES” BY 
ks 


of seafood-prnlucing specie 


10% of the 
series. However, fish catch is rarely an adequate proxy for 


Fish abundance, particularly for rebuilding stocks under management. A variety of biological 


economic, and social factors and! management decisions determine catches; nv catches may 


‘occur even when stocks are high (e.g, due to low fish prices oF the effects of restrictive man- 


agement practices). and vice versa. The ina 
‘Worm er al 

illustrated by 

Georges Bank haddock (Mel 


). The highest catch for haddock 


equacy 0 ‘sabundance pray is 
the time series of data for 


‘occurred in 1965 at 150,362 tons (1). This 


catch occurred during period of intense 
domestic and international fishing (/), In 
2003. haddock catch was 12.576 tons, oF 8 

‘of the time series maximum, Under the Worm, 
Jefinition, the stock would be catego 


ollapsed in 2003, Hi 


rized as wever, 
alm 
tude of the spawning biomass in 2003 10 be 
on 


of spawning stock biom: 


‘ofthat in 1965, Con 


paring the estimate 
sin 2003 to the 


level producing maximum sustainable yield 
(MSY). the stock was n 
fished in 2003 ( 


Bec 


se akequate tock abundance meas 
of world fish 
= stocks. this purported worldwide meta analy 


sis required using data that represent the low 


et common denominator of data the total magnitude of the catch, However, ifthe 


3s illustrate 
is equally flawed. At the least, the 
should have conducted a calibration of their stock © 
abundance data available from the 
‘The extrapolation of their stock collapse metric to 100 
ited States. National M: 

of stocks were classifiedas “overfished” (2). For 
below 50% of the p 
lation required to support MSY. Even under this more conservative definition of stock reduc 
tion, the proportion of stocks classified as overfished is actually declin ly: in 2004, 
28 ase in the number of overfished 
ld be overfished by 


metric is so prone to misrepresentation of the true 


synthesis of world fisheries based on these dat 


apse meine with more complete stock 
y worldwide sources where such d 


recent history of stock status, particularly in the Un arine Fisheries 
indicate that for 2005, about 26 


most stocks, overfished status occurs when the population size de 


Service 


‘of Stocks were so classified. Extrapolating a 2% dec 


Stocks per year leads toa prediction that no stocks in U.S. jurisdiction 
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the year 2018, However, such a meaningless 
projection does not incorporate a large Hum= 
ber of complex factors, such as the differ 


life histories of species, impacts of variable 


‘ocean conditions on recruitment, and the 


increasing effectiveness of management 
measures, all significant shortcomings of the 
prediction method and data of Wort et a 


To address persistent overfishing issues, in 


December 2006 the US. Congress passed and 
the National Marine Fisheties Service is now 
implementing provisions of the Magnuson 
Stevens Fishery Conservation and Manage- 
ment Act Reauthorization Act (MSRA). The 
Jaw mandates that overfishing be eliminated 
forall federally managed species by 2010 and 
that science-based annual catch limits will be 
calculated for all of the $32 stocks currently 
under regulation, 
‘STEVEN MURAWSKI," RICHARO METHOT,” 
GALEN TROMBLE? 
‘Oteor of Scenic Poprams and Chil Slene Adit, 
Nationa Marne Fishers Service, National Oceanic and 
‘mosgheic Adrian, ibe Spring, MD 20920, USA, 
‘Office of Science. and Technology, National Marne 


Fuheries Service, National Oceanic and Atmosphere 
‘amis ation, Sate, WA 98112, USA. Che, Domestic 
Fiteries Dison, Of of Sustainable Fuheres, Nationa 


arine 


eis Serve National Oceanic and Atmospheric 
raion, Ser Sing, MO 20930, USA 
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THE PROJECTION FROM B, WORM ET AL 
(Impacts of biodiversity loss on ocean 
ecosystem services,” 3 Nov. 2006, p. 787) 
that all of the world’s wild fish will be col- 
lapsed by 2048 attracted international media 
attention. Such a projection is fallacious and 


nal. The use of catch data to indicate stock 


status is misleading for several reasons, Catch 


may be low due to mana 
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and healthy, well-managed stocks may be 
classified ascollapsed. Many stocks naturally 
fluctuate dramatically in abundance, and as 
the length of the time series of data becomes 
longer, the chance that any particular low in 
abundance will eause catches to fall below 
10% of the historical high catch becomes 
eater. Finally, many examples of dramatic 
declines in eatch can result from political oF 
market forces, such as declaration of the 200- 
mile zone, Worm et a, should have demon- 
strated that their index of collapse corre- 
sponded to stock abundanee-based indices. 
This test clearly fails for U.S. fisheries, where 
the proportion of stocks classified as over- 
fished is declining, not increasing, 

Furthermore, the Worm era. analysis fail 
tw recognize that jurisdictions such as the 
United States, New Zealand, Iceland, and 
Australia have good fisheries management 
systems where the proportion of stocks that 
ate overfished is dectining, Al ofthe fish will 
‘not be gone by 2048, Most importantly. Worm 
eral. advocate Marine Protected Areas as 8 
‘way to rehabilitate collapsed fisheries, None 
of the well-managed jurisdictions use Marine 
Protected Areas as essential parts of their 
‘management strategy. Meth that have been 
shown 0 work in well-managed countries 
involve eliminating the competitive nature of 
fisheries by incentives nd application of eon- 
servative harvest levels (7,2), 

AY W. HILBORN. 

School of Aquatic and Fisheries Sciences, Unvesy of 
Washington, Bor 35020, Seat, WA 98195, USA. 
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IN THEIR IMPORTANT RESEARCH ARTICLE ON THE 
eearious condition of ocean ecosystems 
‘Impacts of biodiversity loss on ooean eco 
system services" 3 Nov.2006, 787) B Worm 
co. inttxluced some confusing terminology 
that needs to be clarified. Although the term 
“biodiversity” is sometimes used to mean the 
steneral abundance of life, in publications on 
conservation biology. tis almost akways used 10 
indicate the relative number of species present 
ina given area or evoxystem. The conservation 
problem that the authors intended to emphasize 
is thatthe populations of many commercially 
valuable species have been reduced tothe point 
that they no longer play important roles in the 
‘communities to which they belong. Although 
the phrase “population loss” may provoke less 
public reaction than “biodiversity loss.” t woul 
have been more accurate. 

Additional confusion was introduced 
‘when it was stated that records over the past 


millennium revealed a rapid decline of native 
species diversity since the onset of industrial- 
ization, Surely his statement, and the spe- 
cific reference to extinctions (100% decline) 
of some species, must refer to some very lim- 
ited localities. A thorough study of historic 
extinctions inthe sea published in 1999 (/) 
showed that no fish species and only four or 
five invertebrate species had become extinct. 
‘Although many valuable species have suf 
fered severe declines, they are still with us 
and may yet be saved. The authors also 
observed thatthe number of species invasions 
cover time coincided with the loss of native 
biodiversity. But my own rescarch on this 
subject has shown that almost all invasions 
hhave not resulted in the loss of native species 
and have produced gains in biodiversity (2). 
Increases im species diversity generally ro- 
duce an increase in ecosystem services 

JOnN c. Bric 
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Response 
MURAWSKI AND COLLEAGUES STATE THAT OUR 
assessment ofthe impacts of global marine 
biodiversity toss is overly pessimistic, They 
imply that_ management interventions are 
likely to reverse current trends of overfishing, 
and that the U.S. National Marine Fisheries 
Service (NMFS) has already met that goat 
They cite Geonges Bank haddock asan exam- 
ple and contest that catch metrics (as used in 
‘our global analysis} are sufficient to track the 
status this particular fish stock and possibly 
others. We agree that precise biomass dats are 
preferable, butthese are rarely available, Here, 
‘we illustrate that catches are a good proxy of 
the status of haddock. although there can be 
a short delay in detecting recovery under 
intense management. While NMFS's own 
ata show that fll recovery is still uncommon 
(5% of overfished stocks) (/), we strongly 
‘agree that destructive trends can be turned 
around and that rebuilding efforts need to be 
intensified to meet that goal. But we must not 
miss the forest forthe trees: Continuing focus 
on single, wellassessed. economically viable 
species will leave most of the ocean's declin- 
ing biodiversity under the radar 

The Georges Bank example illustrates well 
bow intensive management can reverse the loss 
of marine biodiversity and ecosystem services 
(sce figure) and was infact included in our own 
recovery analysis. Haddock stocks collapsed 
from foreign overfishing inthe 1960s and from 


domestic fleets in the 1980, The firs collapse 
was reversed by establishing a 200-mile 
Exclusive Eeanomie Zone in 1977, the second 
yan emenzency closure of half ofthe fishing 
ssrounds in 1994, Haddock biomass inereased 
prompy in both eases, and catches followed 
with a 1-10 6-year delay (panel A of figure), 
indicating that fishing became again economi- 
cally viable, The importance of lange-seale pro- 
tected areas for such unprecedented recovery is 
‘well documented (2), 

Thedefinition of “collapse” weused refers 
toa loss in catches of 90% below the historic 
‘maximum (3), According to this metric, the 
Geonges Bank haddock stock, or more pre 
cisely the ecosystem service it supplied, col- 
lapsed from 1970 to 1977 and 1983 to 2003 
(panel A of figure). Using stock assessment 
data from NMFS (4), we find that stock bio- 
‘mass similarly collapsed from 1970 t0 1977 
and from 1982 to 1997. The stock biomass 
‘was considered overfished under NMFS rules 
from 1967 10 2002 and in 2004 (panel A of 
figure), 

Thus, available data suggest that catch 
records tricked biomass changes, overfishing 
status, and stock collapses reasonably well 
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Comparison of fisheries catch and biomass trends. 
Georges Bank haddock Melanogrammus 
‘eglefmus) catches white diamonds) and spawning 
stock biomass (red diamonds, Black line indicates 
collapsed status based on 90% reduction in catches: 
red solid line indicates collapse based on 90% 
‘eduction in biomass: and red dotted line indicates 
‘overfshed status as defined by NOAWNMES, (B) 
Global fisheries trends. Shown isthe proportion of 
fisheries where catches ina given year declined 90% 
‘or more below the historic maximum (black dia- 
smonds and tren line from our paper), and those 
that have been assessed by FAD as overished, 
depleted. or recovering {rom depletion [red squares, 
from (5). The latter are only a subset of all stocks, 
ic, those that have biomass estimates available. 
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(linear repression; catchaainst biomass 1963 
to 2004; r= 0.90, P< 0.0001). By 2004, 

ches had increased to >10% of the masi- 
mum, or “recovered” by our definition, This 
‘example implies that use of stock biomass 
data (as opposed to catch data) would not 
‘change our everall conclusions, 

‘The Georges Bank example is built on 
some of the bes fisheries data in the world and 
‘on effective, but still uncommon mat 
practices, In our global analysis, we 
obviously not rely on precise stock assess 
ments available only for a fraction of the 
world’s fisheries. Even in the United States, 
half ofthe 903 species recognized by fisheries, 
management are not assessed because of dat 
‘gaps, and out ofthe 74 species that reassessed 
as overfishedt 34 stil experience further over- 
fishing, while only 3 have recovered (/). 

Murawski era imply that ifwe had used a 
different metric of collapse or had access to 


paper concentrates on the ability of high- 
diversity ecosystems to support services such 


as fisheries catch and suggests that efforts to 


preventing the seafood 
collapse of which we warned. We share the 
fervent hope of Murawski et al. hat changes in 
fisheries management can help reverse this wou 
bling trend. and suggest that an honest recon 
ton of the global problems we face, combined 
with a comprehensive assessment of successes 
and solutions will be the best way forward 
Hilbom also raises concems about the use 
fof catch data in our analysis and calls for 
demonstration that catch trends approxima 
ish stock abundance trends. Although meas- 
tures of stock abundance are critically im 
Portant to fishery management, our study 
focused on the flows of goods and services 
from marine ecosystems to humankind: food 
supply was one of these critical services, and 


LETTERS i 


For example, Hilborn and co-authors [(7), 
p. 359] state that “we anticipate further de- 
clines in abundance, further loss of jobs and 
fishing communities, and potential structural 
change to marine ecosystems.” They used 
catches in the same way as we do to distin 
guish well-managed, abundant fisheries from, 
failed, depleted ones. Their “landings indica- 
tor” (current yield over maximum historic 
yield) [(7), tables 2 and 3] ranges from 0.28 
to 1 for well-managed fisheries, from 0 10 
0.11 for depleted stocks, and 0,14 for a reoov 
1ock (7), Thus, our cutoff for "collapsed 
stocks” at 0,1 seems well supported, as sug 
sted by others (3) 

Hilborn does not provide any document 
tion to substantiate the argument that stock 
abundance data (as opposed to catches) may 
show a pattern different to ours, When 
we compare the United Nations Food and 
Agriculture Organization’ (FAO) assessments 


global stock abundance data, we would not fisheriescatches are the appropriate metric in of world fisheries (a 
have seen the steady decline in fisheries this context, Recent assessments of the s 

nalysis revealed. They pro- of workd fisheries used different approaches 
inces, yet they allreach pessimistic There is more variability in the 
rely on a single positive example to suggest conclusions about the direction of global fish- mates, as they are based on a smaller subset 
of fisheries. Le. these that have proper 


stocks that ou 
idle no reanal 


is of global fisheries data and and dat 


thatthe future of seafood is currently safe. Our ries trends (5-7). 


able since 1974) with 
us our catch trends, the general magnitude of 
change appears similar (panel B of figu 

‘AO esti- 


The Harvard Brain Tissue Resource Center 
at McLean Hospital 


‘announces the second public launching of the 
NATIONAL BRAIN DATABANK 


1 public domain repository for gene expression profiling 
‘and other data from postmortem studies of the 
neurological and psychotic disorders 


Microarray data for the Parkinson's 20 Cohort are 
‘now available! 


Laser microdissection was used to collect dopamine 
heurons from substantia nigra of 10 normal controls and 
10 matched Parkinson cases. 


‘To maintain confidentaity of the donors and their 
{amiies, only qualifed investigators will be given access to 
‘anonymized 
‘demographic and medical information. 


www.national_databank.mclean.harvard.edu 
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abundance data available. The fact that within 
the last 7 years, both indices fall above the 
long-term trend may be optimistically inter- 
preted as an early sign of positive change 
(panel Bof figure) 

Hilborn asserts that we have disregarded 
recent management successes in some juris- 
dictions. We focused on the relationship 
between biodiversity and services, not on 
fisheries management. in our paper. The 
‘maintenance and restoration of biodiversity 
consistently emerge as our evitical manage- 
ment recommendation; this is consistent 
with previous work on the importance of 
stock complexity (8). In the context of our 
study, Marine Protected Areas (MPAs) pro- 
vided a replicated experimental framework 
for studying recovery of biodiversity and 
serviews, We are not advocating the establish- 
ment of MPAs as the sole policy solution to 
resolving the problems of fisheries manage- 
iment, Rather, we suggest that sustainable 
fisheries practices, pollution control, mainte= 
nance of essential habitats, and creation of 
marine reserves all need to be part of & 
broader strategy to manage ocean ecosys- 
tems for their biodiversity and associated 
. We fully support Hilborn’s call to 
create incentives for conservative harvest 
Jevels as part of that broader strategy. 

Briggs asks for clarification of some ter= 
minology. Although the term “biodiversity” is 
‘use in many wats, it hasbeen clearly defined 
by the Convention on Biological Diversity as 
"ihe variability among living organisms from 
all sources including, inter alia, terrestrial, 
‘marine and other aquatic ecosystems and the 
ecological complexes of which they are part: 
this includes diversity within species, between 
species and of evosystems” (9), Our study 
focused on the variability within and between 
species, Bris sugwests that the term “pop- 
lation loss” would more accurately deseribe 
‘ourstudy than “biodiversity loss” and fet that 
‘we mostly dealt with commercially valuable 
cies. Tis is not the case. Our study con- 
cerns the decelerating loss of populations and 
species; both are essential elements of bio- 
diversity (). 

Brigws is farther concerned about the role 
of species extinctions in coastal ecosystems. 
‘We do not refer to “global” but “regional” 
extinctions within the 12 estuarine and coastal 
‘ecosystems studied, but these include several 
species that are now globally extinct. Local 
and regional extinctions are much more eom- 
‘mon than extinctions ona global seale 10. 11) 
and are relevant for considering the effects of 

iversity an ecosystem services, because 
these are often provided at a local or regional 
level. In other words, the ecosystem conse- 


quences of species loss occur long before 
slobal extinction (//). 

Finally, Briggs is confused about our 
statement that an increased number of 
species invasions over time coincided with 
the loss of native biodiversity, which he 
interpreted as invasions causing extinctions 
However, the reference we eited (12) shows, 
‘mechanistically that declining biodiversity, 
can facilitate invasion and that diversity loss 
‘could be a contributing cause rather than a 
consequence of invasions in these systems. 
Briggs also suggests that invasions produce 
gains in biodiversity, which in terms of sim- 
ple number of species ts correct. However, 
‘we stated in our paper that invasions did not 
compensate forthe loss of native biodiversity 
because they are comprised of other species 
groups (/3). Briggs implies that biodiversity 
{gains from invasions may enhance ecosystem, 
services. Thisisan interesting idea. Although 
some invasive species may contribute to spe= 
cific ecosystem services (such as invasive 
clams filtering the water of San Francisco 
Bay), there was no evidence in our study that 
invasions halted or reversed the marked loss 
of ecosystem services in coastal oceans, 
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Problems of Searching in 
Web Databases 


THE ISSUES DESCRIBED IN THE ARTICLE “EURO- 
pean Union steps back from open-access 
Jeap” (M. Enserink, News of the Week, 
Feb. p. 1065) mask a deeper problem, Simply 
pulling scientific content into Web-accessible 
databases will not make it easily available, 
because commonly used search engines do 
not craw databases, 

The vast majority of Web-aecessible sei- 
entific material resides in databases that can 
only be searched sequentially using manual 
input of search terms, This makes it prohibi- 
tively laborious for individuals to search 
‘more than small fraction ofthe hundreds oF 
thousands of existing databases, These di 
bases are commonly called the “deep Wel 

The US. R&Dagencies hive madeastartat 
adalressing this problem with www.science, 
20x, which allows simultaneous search aeross 
35 massive federal document databases. new 
project. Science. work, will extend tis model 
to include content housed by other national 
‘governments, But in the long run, someone 
‘nceds to coordinate searches to all the major 
Web-accessible document databases in the 
‘world, most of which are nongovernmental 

Simple Web accessibility is a necessary 
condition forthe diffsion of scientific know 


‘access although important, pales in compari- 

son tothe problem of deep Web access, 
WALTER WARNICK 

ice of Scientific and Techical Information, US. 


Department of Enea, 1 Science gov Way, Oak 
37830, USA. 


CORRECTIONS AND CLARIFICATIONS 


Reports: “A sng IFT allele isa majoc determinant of 
smal size in dons” by N.B, Suter eta. 6 A, 112), 
Attn 4 shuld Rave been the Departmert of Fog) 
and EvltonaryBiloy. As, nthe Fg. 18 legend the 
Labels fr tno genotypes inthe histogram were reversed, 
The bad ine ith closed rales epesents Mt, and the 
.72y ine with dosed cares epesrts 8B, 

Policy Forum: “The cbvicus war” by H.R Samara (12 
Jan, p. 390) In paragraph 5 tne 31, inthe sentence “Fr 
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snp, in 1991, US. companies spent ove $1 billion 
fering or delending agaist pater awaits, whe oy 
‘spending rovghly $300 milion on RED expendites (2,” 
£300 milton” shod vad, “53.7 Blin "The last sen 
tence ofthe penultimate paragraph tinct. shoul 
ead “Mandel indicates hat nether the Federal Cacit’s 
test nor the Supreme Cour’ test completely reave the 
Inds problem (22 


TECHNICAL COMMENT ABSTRACTS 


Comment on “Impacts of Biodiversity 
Loss on Ocean Ecosystem Services” 


John Jaenike 


Worm et ol. (Research Articles, 3 November 2006, 
. 787) used a poner relation to pred a global col 
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Comment on “Impacts of Biodiversity 
Loss on Ocean Ecosystem Services” 
‘Michael J Wilberg and Thomas J. Miller 


Worm et 
9.781) 


We show tat 
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Comment on “Impacts of Biodiversity 
Loss on Ocean Ecosystem Services” 


Franz Holker, Doug Beare, Hendrik Dérner, 
‘Antonio di Natale, Hans-Joachim Ritz, Axel 
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marine ecosystem services across temporal and spatial 
Scales. In projecting the estent of future fisheries co 
lapse, we argue thatthe authors inappropriately extra 
Gata on marie reverves and fishery closures that are 
not representative ol glbal fisheries 

Fulltext at won scien 

sezoni2ese 


Response To CommENT on “Impacts of 
iodiversity Loss on Ocean 
Ecosystem Services 

Boris Worm, Edward B. Barbier, Nicola 
Beaumont}. Emmet Duly, Carl Folk, 
Benjamin 5. Halpern, Jeremy B.C. Jackson, 
Heike K. Lotz, Fiorenza Micheli, Stephen . 
Palumbi, Enric Sala, Kimberley A, Selkoe, 
John J. Stachowie, Reg Watson 


We show that globally declining fisheries catch trends 
Cannot be explained y random proceses and are con 
sistent wih declining stock abundance trends Future 


benchmark against wi to assess the effectiveness 

asures, Marine reserves and Theres 
Closures are among those ‘ond canbe equally 
effective in tropical and temperate areas—but must be 
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COMMUNICATING SCIENCE 


Because Science Matters 


Barbara Kline Pope 
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science and technology 
inal of our lives, indi- 
vidual scientists the 
selves have a responsi- 
bility to take the lead 
in communicating their 
research findings and, 
offering insight imo the 
scientific process 10 
cision-makers and the 
public 
‘Scientists can participate in many ways 
speaking with community groups and schools 
and directly with business leaders and polit 
‘cians. Speaking tothe public through the medi 
offers way that scientists can efficiently reach 
many people with their messages. But how can 
scientists ensure that reporters represent their 
science accurately? Will they be held in high 
esteem by their peers for pr 
\work—or will colleagues think 
that they are wasting pre 
time that could be spent on “real” 
\work? How can scientists 
reporters’ attention in tis media 
fragmented society in such a way 
tht others will benefit from their 
insights? Al these questions ant 
a hos of others are answered in 
A Scientist's Guide 0 Talking 
vith the Media by Richard Hayes 


Grossman (a 
1). This superbly of 
and well-written primer guides 
scientists through the process of talking to the 
Public through the media, 

‘At frst glance, one might think that this is, 
all just con 
the book is full of common sense not com 
monly practiced. We all know that we should 
choose a few major messages and stick with 
them throughout an interview with a reporter 
bu tually use a “message 
compass” to heep themselves from wandering 
from the most important points? Hayes and 
Grossman offer lists of specific thingsto ask a 
reporter prior to an 
‘our homework— items that we just might not 
think about on our own. Their section on cre 
ating effective messages includes examples 
and helpfal advice on specific wording. They 
remind ust fnded statements rarely 
end up in newspaper articles.” so we should 


make sure that our messages hav 
something extra” —something that is 
prising, catchy, humorous, or sobering: 
Missing from the book are an emphasis on 
the fragmentation of the media and how 10 
‘communicate more effee- 

tively in an environment 


where consumers of sei- 
ence information have 
thousands of choices 
ncluding the ubiquitous 
feb, What’ the best way 10 
‘engage bloguer journalists? 
‘One of the book's most 
useful sections attempts 10 
narrow the cultural divide 
between scientistsand jour- 
science journalists do an excel- 
lent job reporting on complicated issues unvler 


ways that 
sople’ lives. Thisand many 
‘other actions detailed in the book siggest that, 
there can be a happy, productive partnership, 
between scientists and journalists. But fewer 


and few ed journalists are 
employed by th jody. General 
reporters with litle oF no science expertise 


‘often cover science beats and ane carrying a 
hhcavier load in general (4), The authors tell ee- 
Popping stories about science news articles 
‘gone awry, detailing way'sin which both the si 
‘entists and journalists could have prev 
misunderstanding and misconymunications. 
that caused sometimes li 18 prob 
lems. They say,"We have stich out 
frgeous eases not to scare you avay from con 
tact with the press, but because such stor 
starkly illustrate tha the scientific community 
rncedsto communicate better. The situation des 
Perately needs to be improved,” T hope that 
yore scientists will embrace communicating 
\with the public and use this book as one oftheir 
tools for improving the situa 
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PUBLIC HEALTH 


Bumpy Road to 
Vaccination Po! 


Rino Rappuoli 


ich ac nay elt 
Armistice 


duced, factors having nothing 
to do with science or medicine 
have greatly influenced their 
acceptance and use, The his- 
tory of vaccination shows the 
mportance ofthe passions sur- 
rounding the social 
political, and industrial prob- 
lems associated with convine= 
ing healthy people to be vacei- 
rated against severe, debilitat- 
ng, and often lethal diseases, 

James Colgrove’s Stare of 
Jnmunity eaparesthe' 
that shaped the course of vaccination efforts in 
the United States from the beginning of the 
20th century to contemporary times. Colgrwve 
(a Columbia University historian of public 
Fnealth) cleseribes the bumpy road that fed the 
remarkable status of health now enjoyed by 
children, His breathtaking narrative is effec 
tively supported by the illustrations (historical 
photographs and advertisements) anda rich Hist 
‘of references, Colgreve discusses the episodes 
that followed public health efforts to deploy 
vaceines against smallpox. diphtheria, pertus 
sis, poliomyelitis, measles, swine hu, rotavirus, 
and bioterrorism, Therefore, the book Is not 
about the history of vaccine development per 
ny good vaccines that Were ito 
duced without generating emotional opposi- 
tion are barely mentioned. 

Colgrave describes a history of repeated 
cycles of “expansion and backlash.” The use 
‘oFanew vaccine spreadsas campaigns of mass 
persuasion fuel countrywide enthusiasm for 
the conquest of another di 
then sets in as the threat ofthe disease wanes. 
The ever-present perveptions of vacci 
ciated risk now lead people to question the 
value of the vaccination, During the backlash 
phase, more attention is given to the question, 
of whether individuals must freely choose: 
ination or should be directly or indirectly 

“ompelled to be vaccinated 
Discussing the early 1890s smallpox epi- 
nic in Brooklyn, New York, Colgrove 


ase. Complacency 


The reviewer i at Novartis Vaccines, Via Florentina 1, 
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State of immunity 


shows that people were already debatin; 
whet tion campaigns should rely 
solely on persuasion or also involve compul- 
sion, police enforcement, and quarantine. 
Even at that date, efforts that constrained the 
liberty of individuals to protect the health of 
the public generated strong opposition, legal 
suits, and the emergence of antivaccination 
activists. Eventually, public health authorities 
adopted the solution of kept 
voluntary but using “indirect 
compulsory” methods such as 
requiring vaccination to attend 
procedure that 
became universal in the United 
States in the 1970s under the 
shots, no school: 


school—a 


vaccination of public school 
children continue today. 

The book also provides his 
torical background for undet= 
standing on be 
came accepted as a cost-saving 
procedure, During the 1910s 
and 1920s, the major insurance companies 
\were heavily involved in public health activi- 
ties through the gathering of mortality dat 
ad the preparation of educational materials 

sticians working for 
“ulated 
that the cost of diphtheria 


American society was $200 
million per year in medical and 
nursing costs alone, without 


‘considering the disruption 10 
‘commerce and business caused 
by quarantine and other pros 
‘dures. Convinced that an int 
is sset that has 
the potential to increase wealth 
Met-Life actively supported 
the introduction of vaccines. 

Among the other topics 
Colgrove explores are the 
quest of poliomyelitis by the 
Salk and Sabin vaccines, the 
efforts to eradi sles, 
the substantial obstacles 
vaccinating the poor, the con- 
cept of product 
the controversies surrounding informed con- 
sent and mandatory vaccinations. 

The backlash against vaccination that 


pertussistetanus vaccine asa FO 
lette that risked causing permanent neurol 

ical damage. The program led direct 
to the formation of the activist group 
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enormous increase in the number of legal 
actions against vaccine manufacturers, and 
several companies abandoned the vaccine 
market, This situation accelerated the intro= 
duction of a federal compensation program 
(ahrough the 1986 National Childhood Vac~ 
‘cing Injury Act), which reimbursed medical 
and rehabilitative expenses for those who 
suflered a severe reaction from vaccination, 
Due to successful of research and develop- 
‘ment programs, the last 15 ye 
introduction of several new vaccines (sich as, 
those for Haemophilus influencae, hepatitis B, 
acellular pertussis, and Pacumococcus). These 
increased the number of shots given to 
each child and the fear that to many immu- 
nizations may be responsible for 
child health problems, including asthma, sud 
den infant death, diabetes, and autism. That 
concem has been taken up by Representative 
Dan Burton (R-IN), who is fully convinced 
that either a measles-mumps-rubella vaceine 


have seen the 


variety of 


‘ora thimeros 
grandson's autism, 

‘On the whole, State of Immunity is an 
excellent resource for physicians, rese 
cy experts in the field as well as 
for lay readers. Colgrove helps one under- 

id the history of vac 
the science and the safety of waecines 


‘containing vaccine caused his 


tion policies 


wade @ quantum jump during the 20th c 
tury, the basic social, legal, and political 
aspects of vaccination have remained much 
the same—e.g. the current controversy sur- 
rounding cervical cancer vaccine, Because 
we still face problems similar to these 
Colgrove discusses, the book should be 
very helpful for tackling them today and 
into the future. 
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INTERNATIONAL SECURITY 


Energy Security for North Korea 


David Von Hippel and 
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economy went into a prec 
the energy sector went with it (3, 4). Total pri- 
mary energy demand in 2005 was about 6442 
petajoules; total delivered energy to meet end 
"use demand was about $20 petajoules (5). For 
‘comparison, the DPRK's 22 million people 
ceonsume about three times the fuel used by 
Washington, D.C.% slightly more than half 
tnillion people (0). 
The DPRK economy is powered today 
by biomass such as wood fuel 
charcoal, and agricultural waste than by oil 
(sce chart, above). In this regard, the DPRK sits 
today about where the South Korean energy 
‘economy was in 1965. The rest of the DPRK's 
‘enengy supply is dominated by coal (7), 

Hit hard by the floods of the mid-1990s, 
the DPRK coal industry operates well below 
its nominal capacity. Recent compiled statis- 
ties (8) indicate that the DPRK produced, 
~22 million metric tons of coal in 2040, about 
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Energy supply. Hydro Nuc. hydroelectric and rucear plants: Ref 
Prod. eine petolevn products. Further discussion of the estimates 
{or this tigre canbe found inthe supporting online mater 5), 


35% lower than in 1990, 

The DPRK's overall generating capacity is 
nominally about 1O gigawatts of electric perver 
(GWe), where it has remained since about 
1990, but only about 5.9 GWe, and quite possi- 
bly less, is actually operable today (9). OF this, 
about 3.9 GWe is hydroelectric, and about 2 
GWeisthermal-powered (mostly coal) —a fig 
‘ure the Noth Kor Beijing at 
the firs Six-Party T 
‘meeting, Thus, thee 
‘most on the equivalent of two to four large 
sized power plants, depending on the season 
and availability of operable 

The thermal (fossil fuel-based) powe 
the DPRK has eroded 
ly (3,4). In viral all ofthe large 
power stations, 
bines are operating, and those that are still in 
use operate at low efficiency and capacity 
o maintenance problems and lack of 
fuel. (There have been reports of some refur= 
bishing of selected plants in recent years.) 
Losses in the power system are high, perhaps 
20%, and the grid has collapsed into subgrids 
on different frequencies and subject to hi 
voltage andl frequency 7 The capac- 
ity factor of generators, especially hydrocle: 
tric plants, is low, and the DPRK has built 
‘many small- to medium-sized hydropower 
dams and generators of dubious efficacy 
Recently. the DPRK installed card-type 
electricity meters in some households in 
Pyongyang as an initial sep toward reforming 
how electricity is priced and sold 


North Korea should be provided with energy 
assistance based on technical and economic 
realities rather than on nuclear politics 


Crude ol is imported from China for the 
DPRK's one operat 

the end of heavy fuel oil shipments in 
2002 by the Korean Peninsula Development 
Organization (set up under the 1994 Agreed 
Framework), most imported petroleum prod- 
ucts are also from China (70), with small 
‘quantities coming from Russia and elsewhere, 


major refinery. Since 


DPRK Energy Demand 
Buildings, especially residential buildings, 
took the biggest share of energy use in the 
DPRK as of 2005 (see the chart on page 
1289), This fact reflects the survival needs of 
the impoverished population and the signifi 
use of biomass fuels at ow efficiency for 
cooking and heating, particularly in rural 
houschold 
nd commercial energy use that is electrical 
varies greatly in terms of availability by 
region city season, and time of day. The big 

et cities and some industrial areas hooked 
directly into new: hydropower plants or the 
‘more reliable thermal power plants have more 
lectricity more of the time, but some areas 
receive electncity only rarely. 

Most cooking and! heating, particularly in 
rural areas, is fueled by wood and bi 
Because of supply constraints, household coal 
use has declined since 1990, Many offices, 
‘most commercial buildings, and almost all 
factories are unheated. Based on remote sens- 
data, itis now possible to estimate that the 
DPRK has suffered a roughly 10% deforesta- 

on since 1995 (17), 

In recent years, the DPRK economy has 
in, albeit very slowly and 
unevenly, and mostly in sectors that 

nergy-intensive, Some light industry and 
etail or service activity has been observed, 
nereased mining (especially of 
‘magnesite, iron ore, copper. lead, and zine) 
(12), heavy and medium industry remains 
stagnant. Agriculture accounts for about 7 
of total energy demand, though 70% of esti- 
‘mated agricultural-sector fuel use is wood and 
biomass for crop processing, The transport 
sector remains a relatively small user of fuels 
inthe DPRK. because most people walk from 
place wo place. The DPRK has imported a few 
thousand cars annually from China—and 
ceach year, tens of thousands of bicycles have 
been imported (J), Finally, the DPRK mil 


re not 
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tary Sector accounts for about 7%% of coal use 
(troops living in bases, plus military-run fae 
tories) and about one-third of refined oil 
usage or, overall, about 9% of total enerzy 
demand (13). 


International Cooperation 
‘The pervasive nature of the DPRK's enengy- 
sector problems means that an approach that 
focuses on one or several massive projects 
simply will not work, A multipronged ap- 
proach isrequied. witha large suite of eon 
nated. smaller, incremental projets, 
energy-sector initiative 

that will assist in the process of rapproche 
iment withthe DPRK, help the DPRK to etits 
‘economy and energy sector working ina sus 
tainable (and peaceful) manner, and help 
pave the way foradltonal cooperative activ 
ities the eneney sector include: 

1. sistance for internal policy, econom 


40% 
a 0% 
—ow 
1% 
32% v SH 
2% SO 
Energy demar 


{e, and legal reforms to stimudate and sustain 
‘energy-sector rebuilding. This could include 
reform of energy-pricing practices and peo 
Viding physical infrastructure to implement 
them: capacity building for careful enerzy 
planning wo allow aid w be based on need nat 
rational objectives: traning for energy-sector 
actons stengthening regulatory age 

‘educational and/or research institutions in the 
DPRK: and involving the private sector in 
investments and technology transfer. 

2. Rebuillingof the electrical transmission 
and distribution (T&D) system. The most 
‘eosteffective approach for international and 
Republic of Korea assistance in this area will 
be to work with DPRK engineers to identify 
and prioritize alist of T&D sector improve- 
ments and investments, ane! o provide limited 
funding for plot installations ina limited area. 

3. Rehabilitation ofpower plants another 
coal-using infrastructure. An initial focus 
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Commi, commercial. Further discussion ofthe estimates fr 
this figure canbe found in the supporting online materia (5). 


‘should be on improvements in 19,000 small, 
medium, and district heating boilers for 
‘humanitarian end-uses such as residential 
heating. Targeting improvements in (nonmili- 
tary) industries with good prospects for 
foreign-exchange earnings is also needed. 

4. Rehabilitation of coal supply and coal 
tnunsport systems. Strengthening of the coal 
supply and transport systems must go hand- 
in-hand with boiler rehabilitation if the 
amount of useful energy available in the 
DPRK is to increase, 

5. Development of alternative sources of 
small-scale energy and implementation of 
energy-efficiency measures. The North Kor- 
ceans we have worked with have expressed a 
keen interest in renewable energy and eneny= 
efficiency technologies. Such projects should 
be fast, small, and cheap and should (espe- 
cially initially) emphasize agricultural and 
humanitarian applications. 

6, Rehabilitation 
of rural infrastruc 
ture. Rural energy 
rehabilitation goals 
are likely to provide 
the modern energy 


ot inputs necessary for 
fenent BD North Korean tg 
oe alars mao G 
eal ssninile proaec: 
Secmona ff] tin level bad to 
i ——— eee 
indent ‘the rural population, 
Btemeet 7, Begin tansi- 


liquid petrotewn gas 
(LPG) networks. LPG. 
more expensive than 
natural gas, but the 
frastructure to import LPG. relative to lique- 
fied natural gas (LNG) is much easierand less 
‘expensive to develop, and it allows imports in 
smaller quantities. LPG is also clean burning, 
has limited military diversion potential, and 
setting up LPG networks can be a first step) 
toward the use of natural gas in the DPRK. 
Ultimately. natural gas pipelines and LNG. 
terminals, shared with neighboring countries, 
can serveasa step toward economic develop 
ment coupled with regional integration 
Activities in each of these seven cate- 
xgories can be implemented over a3. 
Period at a total cost of about $100 t0 $150 
million per year: We doubt that the DPRK can, 
absorb more than this level of external assis- 


POLICYFORUM t 


large-scale options that are almost 
{fiom past experience) to fail. 
Which of these negotiation strategies 
North Korea would accept is unpredictable. 
We believe that other factors will drive 
DPRK negotiating strategy, including the 
raced to strengthen domestic leadership posi- 
tions and to improve their international posi- 
tion from being a weak state surrounded by 
strong neighbors, especially because diplo- 
mats leading the DPRK delegation will be 
fying blind with respect to technival and 
realities (with economic and 
‘energy planners, as well as agency off 
playing only minor roles) (/4). However 
‘essential fo bring energy and economic ag 
ies from the six parties into the ongoing 
negotiations from the outset if the coupled, 
goals of DPRK nuclear disarmament and 
DPRK energy security are to be achieved. 
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PHYSICS 


Watching Electrons Break Up 


Piers Coleman 


fectrons are surprisingly rugged pat 
Fests mest naman ter 

in mals, As they move, they conduct 
iheatand electric charge in all directions in a 
precisely fixed ratio, a universal property of 
electricity called the Wiedemann-Franz la 
‘On page 1320 ofthis iste, Tanatar et al. (/) 
show that under the right conditions, metals 
‘ean exhibit a new type of electrical conductiv= 
ity for which the Wiedemann-Franz law no 
longer holds, Under these conditions, conven 
tional electrons appear to live alongside a 
fundamentally different kind of electricity 
in which electrons have broken apart and 
reformed into anew class of change-and heat- 
rying excitation, Such fires af uccepted 
Jaws in science often signal new and interest- 
ing underlying causes, and these results may 
help us understand the mechanisms behind 
high-temperature supercond ‘ther 
unusual materials 

Inthe 19th century physicists empirically 
discovered two impor 
the thermal and el properties of 
dense matter: the Dulong-Petit law and the 
Wiedemann-Franz lw. Atha time, most si 
‘entists believed that Dulong and Petit’ lav 
stating that the specific heat of al materials is 
com 2 fundamental la of nature 
Yet it was the failure ofthe Dulong-Petit aw 
at low temperatures inthe 20th century that 
helped to usher in the era of quantum 
mechanics (2). Early on, physicists did 
not understand the mechanisms behind the 
Wiedemann-Franz fa, yet it went on t0 sur- 
Vive,and we know it now tobe 
of the discrete, quantum 
clerical current. 

Iva normal metal, the quantum motion 
‘of electrons very highly organized (see the 
left panel ofthe igure) and might be likened 
to the organization of aircraft traffic near a 
major airport. Just as airplanes are stacked 
by altitude, each i its own slot, electrons are 
ily stacked in velocity up toa maximum 
lue called the Fermi velocity. Electron 
traffic isconteolled by quantum physies and 
the “Pauli exclusion principle.” which pre~ 
Vents more than two electrons per velocity 
slot and helps electrons protect their iden- 
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basic relation between heat and charge 
transport in metals i violated in some 

materials, which may offer insights into the 
high-temperature cuprate superconductors. 


Electron flight patterns, (Left) Electrons in a conventional metal form a tightly organized swarm, in which 
‘ach electron moves i its own specific velocity sot, filling each available slat upto a maximum level called 


the Fermi velocity. Exc 


tons atthe surface ofthis “Fermi sphere" carry heat and charge in a fixed universal 


ratio, nal rections. (Right) In CeColn, wll-delined electrons transport heat and charge in the xy velocity 
plane, but transport in the direction is far more turbulent, In these dictions, electrons break up into new 
‘and as-yet-unidentified types of excitation that carry heat and charge ina dillerent ato from conventional 


electricity 


tity, even as they jostle one another inside 
the electron cloud. As long as this organiza: 
tion holds, the Wiedemann-Franz law is 
‘expected to remain intact. 
Toxlay, physicists ane seek: 
reo! ind control the motions of elec 
trons inside dense matter and profoundly 
change their properties. Oneof the leas being 
explored isto try reor 
increasing the strength of quar 
tions. These fluctuations are rooted in Heisen- 
ben's uncertainy principle, which states that 
certain variables (such as enengy and time, ot 


new ways to 


stant. Thus, tightening the range of fluctuation 
{none variable will increase the fluctuations in, 
another. Such fluctuations can be enhanced by 
tuning a metal to the brink of instability (vi 
changes in temperature. composition, of 
applied fiekls), where i sits between one sta- 
ble phase and another. Sucha pointof instabil- 
ity ts called a quantum critical point (3-5), 
Where the quantum fluctuations engulf the 
‘entire material, When this happens in a metal, 
the physics of the metal is found to change 
profoundly (6, 7) 

Tanatar er al. investigated whether elec- 
trons survive as well-defined particles in a 


‘metal that is tuned to such a quantum critical 
to do so, they turned to the 
in-Frang law, The material they 
‘chose to study isthe metal CeColn, (8), which 
i phase transi- 

Ms (9), 

avy fermion’ metal in 
\hich the electron fluid is delicate and highly 
prone 10 instability. At low temperatures, 
CeColn, is a superconductor (/0), When 
magnetic field is applied, this material 
becomes 1 metal again, and just as it does so, 
it passes through a quantum critical point (9), 
‘Tanatar etal. measured the heat and change 
‘conductivity indifferent directions as the metal 
passes through this critical point. thigh fields 
they found that the material becomes conven- 
tional metal, and the Wiedemann-Franz. law is, 
‘obeyed inal directions. But asthe Field is low- 
cereal. the temperature dependence ofthe resist- 
ance in this material changes profoundly, ini 
‘cating that something has profoundly changed 
inthe material, When they tuned the material 
the quantum critical point, they found no 
change tothe Wiedemann-Franzlaw when cur= 
rent flowssparallel othe layers, but in directions 
perpendicular to the layers, the Wiedemann- 
Franz law was consistently found to be vio- 
lated. By arranging conditions so the material 
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approaches the quantum critical point, Tanatar 
eta, could literally “tum off” the Wiedemann 
Franz law, 

This failure of the Wiedemann-Frastz ny 
indicates a severe departure from our standard 
mode! of electricity ata quantum critical point. 
What is going on? Tanatar etal, propose an 
explanation inspired. by high-temperature 
superconductors, in which x-ray measure- 
ments show that a continuous Fermi surface 
breaks up contiguous regions, separated by 
dead zones where welletined electronseease 
to exist (10). Tanatar et al, propose that at the 
‘quantum eritical point, the Fermi surface of 
CoColn, breaks up into an annulus (see the 
right panel ofthe figure), supporting conven 
tional charge and heat transport parallel tothe 
planes ofthe crystal. But we still do not know 
What replaces the electron in the directions 
where the Wiedemann-Franz law fis, 


thas taken more than 100 years to find a 
chink in the armor of the Wiedemann-Franz 
law, and this new discovery may herald a new 
understanding of how electricity cam trans- 
form itself under extreme conditions. Some 
have suggested that in the Nuctuating envi- 
ronment of quantum criticality, the electron 
actually breaks up ino different components 
(3, 11s it may even break up into separate 
spin and charge excitations (/2,13).The idea 
thatthe electrons may break up into two dif. 
ferent groups has also been advanced (/+), 
‘ut tis fair to say that noone anticipated this 
fascinating anisotropic separation into two 
components. Tanatar eta. can rule out some 
of these scenarios, bt certainly not all, What 
is lear however. is that atthe quantum eit 
cal point, a new kind of electricity takes over, 
and we are oly just beginning to understand 
its properties 
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IMMUNOLOGY 


The Cutting Edge of T Cell Selection 


‘Michael J. Bevan 


hy should a single cell ype ina sine 
unique enzymatic component of a 
protein truture that is ubiquitously expressed? 
This isthe puzzle pose by the sly of Musa 
er al. on page 1349 of this issue (1), which 
shows that specif cells in the mouse thymus 
incomporatea distinct enzyme intotheie 208 pro- 
teasomes, the multicaalytic machine that 
degrades intracellular protein to peptides. The 
answer to the puizle Ties in the special role 
played by these thymic cells in immune system 
dlevelopment—that is, determining which 
immature T cells are selected wo survive and 
populate peripheral lymphoid omsans (spleen 
and lymph nodes), where they survey for 
‘unwanted pathogens and tumor eels 
The 205 proteasome is a barreF-shaped 
organelle composed of 14 different pro- 
teins in four stacks in the arrangement 
(1-7) 1-7)BUL-T)a 1-7) (see the Figure). 
“Misfolde polypeptides in the cll imerio are 
fed into the central bore of the proteasome, 
‘where three proteolytic components (BI. 2. 
and BS) cut them o pieces. The peptides pass 
cut ofthe proteasome and transit int the endo~ 
plasmic reticulum, where a subset binds to the 
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groove of nascent molecules called major hise 
tocompatibility (MHC) class I. The MHC- 
peptide complex folds ino a mature structure 
that istransported to the cell surface. where the 
MHC molecule “presents” the peptide extni- 
cellularly. This process happens in all verte- 
tate cells. and in humans itis 
the means by which specific 
T cells (CDS" subtype) detect 
foreign antigens such as those 
encoded by a virus oF by m= 
tated self proteins. 

MHC class T genes are 
enormously polymorphic. and 
each class I molecule has its 
‘own preferred peptide-binwling 
motif to accommodate a if 
ferent range of peptides 810 10 
amino acids long (the poly 
morphism guards against 3 
pathogen evolving away from 


‘ofthe T cell receptor repertoire 
\ith foreign antigens outside 
the thymus, T cells within the 
thymus that bear receptors 
with low-binding affinity for 
‘one’s own peptides in the con- 
text ofan MHC complex) are 
selected to survive. MHC class 
I molecules on the surface of 


The selection of F cells requires their exposure 
toa repertoire of peptides generated by an 
‘organelle whose structure is thymussspecific. 


thymus cortical epithelial cell select the CDS" 
T cell repertoire, whereas MHC class I mole 
‘cules select the CD4’ T cell repertoire (3). 
Variation in the makeup and proteolytic 
specificity of thymus proteasomes has been 
noted previously (4), Murata eral, discovered 


Teall selection Teall acthation 


‘A degradation machine of its own. Proteasomes inthe thymus con- 
tain a unique component that alters their proteolytic activity. This 
allows a range of peptides (bound to MHC molecules) tobe expressed 
‘atthe cell surface and function in cell selection. 
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new catalytic proteasome subunit, designated 
Bt, expressed exclusively in mouse thymus 
cortical epithelial cells. It replaces the usual 
‘enzymatic component, with a resultant change 
in proteolytic specificity. Inthe “thymoprotea- 
some.” the chymottypsin-like activity, which 
leaves hydrophobic residues at the C termis 
of peptides is dramatically reduced. 

‘The pepride-bnding motifs of many MHC 
lass I molecules prefer a hydrophobic residue 
atthe C terminus of bound peptic, raising the 
suspicion that the thymoproteasome may pro- 
vide fewer peptides that fit snugly in class 1 
stooves. The authors deleted the St-encoding 
gene in mice and found that although thymus 
architecture was normal and the development 
‘of CD4°T cells was not diminished. the num- 
ber off mature CDS’ T cells selected in the thy 
‘mus decreased by 80%, Thus. the novel BSt 
component of the thymoprotaseme enhances 
the selection of class F-esrictey CDS? T cells. 
‘One obvious explanation for this result is that 
by decreasing the number of peptides with a 
tydrophobie C terminus. nascent MHC class 1 
molecules become starved of smug-fitting pep 
tides that stabilize the molecule for cel surfice 
expression. This doesnot appear to bethe «ase, 
however, because the expression levelof cass I 
molecules on the surfice of normal andl St= 
deficient epithelial cells isthe same, 

‘These new Findings on proteasome spec= 


ficity, MHC class. and CD8°T cells arerem- 
iniscent of a previous analysis of lysosomal 
proteases and their effect on the selection of 
MHC class Il-restricted CD4" T cells in the 
thymus (5). Most peripheral cells that express 
class moleculesuse the enzyme cathepsin S, 
present in lysosomes, to assist in peptide pres- 
entation. In contrast, thymus cortical epithe- 
lia cellsuse lysosomal cathepsin Lin place of 
cathepsin S. Deletion of the cathepsin L- 
encexling gene in mice reduce the efficiency 
of CD4" T cell selection without decreasing 
the overall level of class IT molecule expres- 
sion. In both cases—proteasomes, MHC class 
1.and CDS"T cells and the case of lysosomal 
proteases, MHC class Il, and CD#* T cells 
different cargoes of self peptides presented by 
MHC moleculesin the thymus have a substan- 
tial impact on the section of mature T cells 
The T cell receptor repertoire is not only 
molded by positive selection on MHC mole- 
cules presenting self peptides inthe thymus, 
itis also subjected to negative selection to 
delete T cells with an affinity for self 
peptides that is high enough to potentially 
cause harmful autoimmune reactivity, It 
is assumed that low-affinity interaction 
between thymic epithelial cells bearing 
MHC-self peptide complexes and T cell 
receptors is required to positively select T 
cells for maturation, whereas an interaction 


with high affinity leadsto T cell deletion, In 
line with this, a number of MHC-peptide 
complexes have been defined that, on the 
basis of ther affinity for the T cell receptor, 
can positively select but not delete T cells 
(6, 7). thas been assumed that aT cell recep- 
torrepertoire with “not too high, not t00 low 
affinity for self peptides can be selected 
‘without special rules forthe peptides respon 
sible for positive selection. However, if 
the thymus cortical epithelium expresses 
‘unique range of self peptides as Murata et a. 
suggest ths raises the possibility that posi- 
tive selection may be mediated by self anti- 
gens that are not seen outside the thymus (8), 
‘Such sequestration ofthe positively selecting 
peptide may providea greater safety window 
‘between high and low affinity to better guard 
against activated T cells cross-reacting on 
selfantigens and causing autoinnnvunit 
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ANTHROPOLOGY 


Walking on Trees 


Paul O'Higgins and Sarah Elton 


jor decades, researchers have viewed 
Fenn ‘upright and walking on the 

round on two legs as defining fea- 
tures of the hominins (humans and our clos 
‘est extinct relatives). However, we are begin- 
ning to learn that some apes in the Miocene 
(5 (0 23 million years ago) not only had 
upright postures (/) but also incorporated 
bipedatism into their motion (2, 3). Such 
movement may well have occurred in the 
trees. This raises the possibility that preadap- 
tations for homninin bipedalism arose in arbo~ 
real settings rather than in terrestrial environ 
ments, On page 1328 of this issue, Thorpe 
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and colleagues present compelling new evi- 
dence in support of this theory (4), Using 
‘observational data from modern orangutans, 
they anue that hominin bipedal walking is 
not novel but rather a development of loco- 
motor behaviors already established in the 
ancestor of great apes. 

In modern orangutans, hand-assisted bi- 
pedalism with extended lower limbs in the 
small branches of the forest canopy allows 
movement on slender. springy supports. This 
‘enables the orangutans to access resources in 
the forest canopy that would otherwise be dif 
ficult to procure, or 1o cross between trees 
with minimum eneney expenditure. These 
advantages might well have provided suffi 
cient selective pressure for bipedal adapts 
tions in arboreal habitats. 

The orangutan model provides three sce 
narios forthe emergence of modem great ape 
and human locomotor strategies from hand- 


Observations of modern orangutans suggest 
that human bipedatism may have evolved in 
the trees rather than on the ground, 


assisted, straight-lower-limbed. arboreal 
bipedalism (see the Figure), In the first, 
forest canopy fragmentation during. the 
Miocene of Africa led to increased vertical 
climbing, rather than always erossing from 
‘ree to tree at eanopy level. Thorpe eta. sig- 
‘gest that this climbing behavior, which is 
similar to knuckle walking, predisposed 
zgorillaand chimpanzee ancestors to the inde 
pendent acquisition of forms of knuckle 
‘walking. In the second scenario, orangutan 
ancestors in Southeast Asia became even 
more specialized in traversing, at canopy 
level, the shrinking closed-canopy forest. 
Finally, hominins retained and. further 
adapted preexisting arboreal bipedalism to 
cexploitemerging. more open terain between 
forested areas. This third scenario is consis- 
tent with the long forefimbs that are found in 
association with obviously bipedally adapted. 
hindlimbs in various early hominins. 
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It is necessary in a model such as this to 
simplify the nature and tempo of environ- 
mental change, although Thorpe and col- 
leagues do point out the probable Muctuations 
in forest coverage that occurred during the 
Miocene, Inevitably, past environments were 
complex. and there was no straightforward 
transition from forested to more open habi- 
tats. Primate aapiations and radiations were 
equally complex, and it has been argued (5) 
that apes diversified intoa variety of environ- 
ments Well before any substantial Miocene 
forest shrinkage, Nonetheless, locomotion is 
strongly tied to habitat and therefore evolves 
in response to external pressures, whether 
they are caused by environmental change or 
by niche differentiation, 

The work of Thorpe ef al. reopens the 
debate about the origins of our own peculiar 
commitment to bipedal locomotion, To date, 
there is no consensus about the adaptive sce- 
nario that could have edo the adoption of r= 
restrial bipedalism, Many theories have been 


proposed, including the postural feeding 
hypothesis (6); a model (7) attributing bi- 
‘pedality to the social, sexual, and reproductive 
‘behavior of early hominins, in which bipedal- 
ism allowed better provisioning of offspring 
and enhanced reproxuctive fitness: the ther- 
‘morezulatory hypothesis (8), where standing 
upright on two legs is argued to reduce the 
amount of the body directly exposed to sun 
light, therefore allowing foraging during the 
hottest part of the day; and the appeasement 
‘model (9), which focuses on bipedal displays 
that allow for the relatively peaceful resolu- 
tion of conflicts, 

A similar lack of agreement isalso evident 
in discussions about the locomotor behavior 
‘ofthe hominin ancestor. One possibilty is that 
the common ancestor of humans and modern 
Alfican apes knuckle walked on the ground 
(10). abtbough it has been angued thatthe exact 
nature of knuckle walking differs among 
African great apes (1). Other proposed loco 
motor modes that could lead to adaptations for 
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Learning the two-step. The locomotion of ving reat apes and humans derived from 3 large ancestral ape 
‘capable of hand-assisted, arboreal bipedalsm with extended loner limbs. Orangutan ancestors became arbo- 
real specialists, moving mostly aboveground in topical forests, whereas the ancestors of gorillas and chim- 
panzees, in response to changing and variable habitats, moved vertically in and out ol trees, and thus inde- 
pendently acquired knuckle walking. Note the bent-hip, bent-knee bipedal posture ofthe chimpanzee, 2 nec- 
‘essary compromise that arse out ofthe biomechanical demandsof vertical climbing. Hominins retained exis- 
‘ng adaptations fr extended Limb bipedalsm and eventualy became committed tevrestrial biped. 
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bipedalism include arboreal quadrupedatism 
(U2), terrestrial quadrupedalism (13, 14), 
climbing (75), and a tylobatian (gibbon-like) 
model (/6) that suggests a small-bodied arbo- 
really bipedal ancestor of terrestrial biped. 

Central 10 these debates. is. whether 
bipedatism arose in the trees and was taken to 
the ground, or whether it arose from an ances 
tor that was already terrestrial, The orangutan 
data presented by Thorpe and colleagues 
strongly suggest the former, and could also 
«explain how hominin bipedality arose without 
rnceding to go through the stage of inefficient 
“bent-hip, bent-knec” bipedalism typical of 
modern chimpanzees. Crucially, the orang- 
titan model also illustrates the way in which 
Jange-bodied primates could evolve straight- 
limbed bipedalism in arboreal contexts, 

‘A numberof fossils contemporary with the 
likely split of the chimpanzee-bonono and 
‘human clades, between 4 million and 8 million 
yearsago, have been claimed 0 show anatomni- 
‘al evidence of upright posture and bipedal 
walking. These inchile Sahelanthmpus 
tchacdensis, Orrorin nagenensis, and to spec= 
ies of Ardpithecus. Although there is no gen- 
ral agreement on the locomotor and taxo- 
nomic affinities ofthese fossils (17), one posse 
bility may well be that they are evidence of di 
ferent ways of shifting from the ancestral type 
‘of hand-assisted arboreal bipedality proposed 
bby Thorpe and colleagues. In later hominis, 
there is also evince for lacomotor diversity, 
within and between lineages. Limb propor 
tions, for example, differ in Australopithecus 
‘afarensis and Au. africanus (18), and there is 
range of foot morphologies in hominins fom 
around the same time period (/9). Thus, 
bipedal walking might have evolved independ 
cenit in variousearly hominins, This could have 
‘occurred if multiple lineages originated from 
an earlier arboreal ancestor that used hand 
assisted bipedalism, If that was the ease, can 
‘anatomical evidence for bipedalism really be 
used asa crucial defining feature of hominins? 

With the orangutan model, Thorpe and 
colleagues present a platsible and elegant 
argument in favor of the emengence of 
bipedalism in an arboreal rather than terres> 
trial context. In doing so, they have reinvigo- 
‘ated the debate over the emergence of beha= 
iors preadaptive to bipedalism, and have 
shifted the focus back into the Miocene, A 
‘prediction of their model is that diversity of 
locomotor behaviors. including bipedalism 
and knuckle walking, could have arisen 
among descendants of an arboreally bipedal 
large ape. We must now question whether 
‘morphologies that indicate ipedalism can be 
used to identify hominins at the base of their 
radiation. Thisthen raises the issue of whether 


SCIENCE VOL316 1JUNE2007 


1293 


| PERSPECTIVES 


1294 


‘we can unequivocally identify any traits that 
are truly diagnostic of early hominins (20). 
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OCEAN SCIENCE 


Burial at Sea 


‘Jack J. Mid 


burg and Filip J. R. Meysman 


nly about 0.4% ofthe carbon fixed by 
Opens th ose rice 

buried in oceanic sediments (see the 
figure). Yet, this burial has: major conse- 
‘quences, because it links carbon pools that 
‘yee fist (oceanic, atmospheric, and tertes- 
trial) with sediment carbon pools that eyele on 
geological time scales, Burial of organic ear= 
bon in sediments representsa net earbon diox- 
ide removal from, and oxyigen (0,) input into, 
the atmosphere: Without carbon burial. O, 
‘would not have accumulated in the atmo 
sphere. Moreover, the small quantity of ear- 
bon transferred from surface to subsurface 
sediments supports prokaryotes that live deep 
in Earth’serust and that make up about 30% oF 
the total living biomass on Earth 

It has been shown that the burial of 
‘organic matter in marine sediments is eon 
trolled by biological, chemical, and physical 
processes(2), However. explaining why some 
‘organic matter escapes mineralization, and 
‘what controls the mineralization rate, has 
proven to be a challenge. On page 1325 of 
this isstie, Rothman and Forney (3) demon- 
ulation of organic matter by 
‘lay materials —a process termed “physical 
exclusion”—plays a key role in determining 
the degradation rate of organic matter in 
‘marine sediments. 

‘The degradabilty of organic 
ally expressed in terms of a 
constanth. Two decadesauo.asymthesisof the 
available data revealed a clear trend: The reac- 
tivity decreases with increasing time scale, 
following a power law (see the figure) (4). The 
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‘Carbon burial and degradation. Organic matter is transferred from the phot 


{nsights into the mechanism that protects organic 
‘matter from degradation in the ocean will help 
‘scientists evaluate the Earth's carbon cycle 


zone ofthe upper ocean to 


the sediments ofthe deep biosphere (lef). During tis transer, organic matter is continuously degraded, yet 
‘the rate of degradation slows with time. ata from sediment cores, laboratory degradation experiments, and 
‘sediment raps show thatthe decay constant follows a poner Law with time (that, with increasing depth in 
sediment) (4) (right), Rothman and Forney now propose a mechanistic model that explain this power-law 


degradation behavior. 


challenge was to find a mechanism that could 
explain this pattern. The decrease in reactivity 
had to be a property of the organic matter and 
its relation with the environment. Boudreau 
and Ruddick (5) proposed a theory in which 
‘organic matter consists ofa spectrum of reac 
tive compounds, each with its wn first-order 
rate constant &. However. this theory requires 
that one know the specific form of the reactiv= 
ity distribution, a property that cannot be 
measured. Rothman and Forney now show 
that an inverse reactivity distribution isconsis= 
mnt with the power-law data. Asa result the 
ew target is to find a proper explanation for 
the inverse reactivity distribution that under- 
lies the power law. 
“Three main factors govern organic matter 
‘degradation in sediments: the chemistry ofthe 
‘organic matter itself the physical details ofthe 


sediment environment, and the biological 
agents that cause the breakdown of organic 
tater, Past explanations heavily favored 

ither a chemical or a physical view, even 
though thatthe three factors often interact and 
their relative importance depends on the time 
scale(2.0). 

In the strictly chemical view, onzanic mat- 
ter consists of a range of molecules that differ 
in their chemical structure, These differences 
‘determine the kinetic rate by which they suc- 
‘cumb tothe attack of microbial enzymes: asa 
result. the more recalcitrant compounds are 
selectively preserved (2.5), In contrast, inthe 
physical view, it is the environment that 
controls the rate at which organic matter 
degrades. One possible control mechanism is 
the availability of electron acceptors: When, 
‘Og is present in the sediment, organic matter 
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tends to degrade more rapidly, and the expo- 
sure time to O, thus seems to be erucial. In 
second mechanism. the microbes or their 
digestive enzymes may be physically ex- 
‘cluded from the organic material because the 
latter is enclosed in a mineral clay matrix. 

In their model, Rothman and Forney 
focus on this physical-exclusion mechanism, 
They assume that organic matter consists of 
‘one chemical pool and propose a simple 
model for the behavior of digestive enzymes. 
around a single microbe, When the enzymes 
diffuse away from the microbes, they are hin- 
ered by the physical sediment matrix. Fewer 
enzymes are found further away from the 
microbe, where organic matter thus decays. 
less rapidly, Limitation of enzyme supply 10 


reactive organic matter eventually leads 10 
the inverse reactivity distribution that ex- 
plains the power lav. 


The model by Rothman and Forney pro- 
vides a mechanistic underpinning of the 
empirical power law, adding confidence to 
predictions of organic matter degradation 
‘over time periods that are beyond experimen 
tal investigation (see the figure), Onzanic 
_geochemists and microbial ecologists may 
ind the underlying assumptions of the model 
too simplistic. However, the physical-exclu- 
sion hypothesis is supported by the composi- 

tional similarity of organic matter in se 
a valuable first approach 
‘enzymes, mineral par- 
wl diffusion in sedi- 
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rents to a quantitative prediction of o 
degradation over orders of magnitude. 
Such models are crucial for understanding 
and quantifying the turnover of prokaryotes 
that live deep in Earth's crust (7), 
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ATMOSPHERIC SCIENCE 


The Monsoon’s Past 


Philip A. Barker 


Miksing stint sn scone 
ssesgh eal dre oa preted 


by temperature and pressure differences 
between the land and ocean surfaces. Elue 
cidating how the monsoon may have varied in, 
the past therefore requires a suite of se 
fice temperature and precipitation reconts 
from diverse oceanic and continental loca 
tions, On page 1303 of this issue, Weldeab er 
al, (1) report a new paleoctimate record fro 
the Gulf of Guinea that co 

‘oceanic conditions 
precipitation over the past 155,000 ye 
sites set to become important for und 
ing monsoon variation across West Afric: 
and the role of the mopical Atlantic in conti- 
nal climate foreing more 

The record, called core MDO3-2707, is 
located in a region with limited upwelling 
from the deep ocean and with weak local cu 
rents, The site preserves geographically 
grated record that is largely unperturbed by 
Jocal influences, This offshore location is thus 
Of particular importance, because few long 
‘continental sedimentary reconds from West 


Weldeab eral. have retrieved a high-res 
lution, well-dated geochemical record that 
spans the past 155,000 years and that they 
interpretasa proxy of monsoon changesat the 
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nillennial ti They use Buia 
ratios from planktonic foraminifera as evi- 
dence of freshwater discharge from the Congo 
River systemt: Bu concentr 

bhigh in the ri mpared to the ove 


¢ scale (1) 


This and other cores from the region (2, 3) 


the Congo discharges 1270 krv of fresh water 
per year (see the figure) (4) and also 
ey nut 


feedback process (5), 


‘asa important clin 


{sediment core from the Gulf of Guinea provides 
insights into changes in the rican monsoon, 
cover the past 155,000 years, 


With greater discharges reconsinicted for the 
past, the Congo's discharge would have varie 
bly seeded oceanic productivity 

While BaCa ratios reveal riverine dis- 
Mg/Ca ratios of foraminifera offer 
proxy for sea surface to temperatures in 
that vary independently of Ba‘Ca, thereby 
enabling the role of sea surface temperatures 
‘on monsoon-driven runoff to be evaluated 
‘Sueprisingly in the Gulf of Guinea, monsoon, 

tensity and sea surface temperatures were 
decoupled for parts of the record. Enhanced 
freshwater inputs from the Congo were ne 


‘Monsoon clues. Ths arial view shows the Congo River winding through mangrove swamps near the mouth 
of the river. Today, the Congo River discharges 1270 km of fresh water per year into the ocean, Weldeab et 
‘al. provide evidence that discharges have episadically been higher i the past, providing insights into 
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changes inthe African monsoon over the past 155,000 years. 
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synchronous with interstadials(mutkimilennial 
‘warn periods within a broaaly glacial period) in 
the Northern Hemisphere, but lagged sea sur- 
face temperatures by several thousand years 
luring glacial-interglacial transitions, In con- 
tras, sea surface temperatures changed at times 
‘when solar insolation received in tropical lati 
tudes changed drastically asa result of changes 
in Earth's orbit, 

These findings demonstrate the impor- 
tance of considering both atmospheric and 
‘sceanie circulation systems that can force 
changes a different time seales in disparate 
locations. Consider, for example, the Younger 
Dryas (12,700 to 11,500 years ago), when 
Earths climate system reverted back to near- 
slacial conditions during 1 
shicial warming. During this 
al, observe a substantial steplike reduction in 

ongo discharge, but the record doesnot show 
‘a similar reduction in sea surface temperature 
Thisis in marked contrast tothe Cariaco Basin 
record from the western equatorial Atlantic, 
where sea surfce temperatures were low 
throughoutthe Younger Dryas(6, 7) Instead of 
‘direct control from sea surface temperatures, 
Weldeab et al. suggest that an atmospheric 
reorganization in the North Atlantic may have 
been propagated by meridional circulation 
systems to reduce monsoon intensity 

At the mulimiltennial time seale, dis- 
charge rates from the Congo Basin are found 
to be positively related to warmer episodes of 
the past 155,000 years, This result concurs 
‘well with findings from continental African 
sitesincluding Lake Bosumiwi, Ghana, a 
meteorite impact erater with sediments accu 
‘mulated over the course of I million yearsthat 
is the current focus of an International Con- 
tinental Drilling Programme project. 

‘The past 30,000 years ftom Lake Bosumtwi 
(8) have become a comerstone of Affican pale- 
‘climate research and offer a usefil terrestrial 
‘comparator to the Congo dischange record. 
Reduced freshwater dischange occurred during 
the Last Glacial maximum, when le parts of 
Afica were relatively dry: Dry conditions per 
sisted in most regions until about 15,000 years 
‘ago, when Congo discharge and the levels of 
many African lakes, including Bosumtwi, 
‘heya to inerease dramatically. DeMenocal et 
al ave hypothesized that the disproportionate 
intensification of monsoon precipitation after 
15,000 years was triggered by a threshold 
response to rising insolation (¥). Discharge 
fiom the Congo peaked around 10,500 years 
‘ago, atime when Lake Bosumiwi was at its 
‘maximum and was overflowing. 

‘More puzzling isthe gradual and continu 
‘us decline in Congo discharge from the early 
‘Holocene maxima shown bythe new dat. This 


gradual transition differs from the much more 
abrupt shift from wet to dry conditions about 
5000 yearsaigo shown in many bake-evel curves 
and offshore dust records (9). Vegetation die- 
thack as the climate dried could increase easion 
potential and therefore dust supply ina steplike 
fashion. The more abrupt response shown by 
{ake data might either be due wo the sensitivities 
of the climate proxies used in the reconsiruc- 
tions or could indicate differences in the rate of 
precipitation decline between central equstorial 
Africa and neighboring regions. 

Hydrological changes in the tropics ampli- 
fy global climate changes through regulation 
of water vapor, change in heat transport, 
‘methane release from wetlands, and shifts in 
surface albedo, Spatial differences in hydro- 

Will be unveiled as more 


tion continental sites are investigate. There ts 
abundant evidence of the tropics responding 
to changes driven from higher latitudes, but 
thereare also suggestions ffom some sites that 
change in topical regions may take the lead 
For example, a shift toward greater aridity 
‘occurs in several African lakes 200 to 400 
ars before the well-known cold interval 
‘$200 years before present (8) found in 
Greenland (10) and many nortbem temperate 


records. Similarly, well-dated continental 
records extending to before the Eemian iner- 
tlacial (more than 135,000 years ago) are 
beginning to suggest a tropical lead out of 
slaciation through either generation of greene 
hhouse gases from wetland expansion or 
sarengthened meridional eieulation (/1). 

Data of high temporal resolution from 
prized localities challenge the modeling 
community 10 resolve the climate dynamics 
‘bchind ocean-continent interactions. 
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PLANT SCIENCE 


Infectious Heresy 


J. Allan Downie 


Not all symbiotic bacteria that fx nitrogen for legumes do so by secreting a specific nodule- 
initiating factor. Two strains use an alternative strategy. 


L==: plants, such as peas and 
soybeans, enter into a symbiotic rela 
ionship wit sol hacteria called shizo- 
bin. For years it has been the accepted wisdom 
that Noxlulation (Nod) factor secreted by thie 
_zbia enable them to infect legume and initi- 
ate formation of nodules on the host plan's 
rots. Within these nodules, the hacteria con 
vert free nitrogen to ammonia, which the plant 
ses forts growth. On page 1307 inthis issue, 
Giraud eta. (1) provide evidence that over- 
tums this orthodoxy: They determined thatthe 
genomes of two strains of egume-nodulating 
thizobia do not contain genes that are meces- 
sary for the synthesis of Nod factors. This 
‘means that these bacteria must have an alter- 


The author isin the Department of Molecular Miro 
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native way of initiating the dialogue that 
results in legume nodulation, 

The symbvosis between legumes and thizo- 
bia isan agriculturally important relationship 
because such legumes grow well without 
ached nitrogen fertilizer. Nod factors activate 
plant signaling pathway that induces oscilla 
tions in the concentration of intracellular cal- 
‘ium (called calcium spiking). Caleiuan spik- 
ing triggers the expression of genes that are 
required for nodule morphogenesis in roots 
(2). Nodilation is intimately linked! with the 
‘establishment of threadlike structures that con- 
vey thizobia into nodule cells (sce the figure). 

The two rhizobia (ORS278 and BTAit) 
sequenced by Giraud ef al. are unusual be- 
‘cause they induce nodule formation on both 
stems and roots of some legumes. Stem 
nodulation can occur on some legumes that 
undergo periods of flooding, which enables 
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colonization ofstemsby thi- 
‘obi, Another ody is that 
these strains engage im pho 
tosynthesis and contain 3 
cluster of photosynthesis- 
related genes that are similar 
to those found in closely 
related photosynthetic bac 
teria, However, the real sur- 
prise is that neither strain 
contains nodd or nodC ge~ 
nes, which are essential for 
the synthesis of Nod factors. 
Nod produces chitin ois 
‘omers from uridine $'-i- 
phosphate-N-acetylglu- 
cosamine, and NodA trans 
fers long-chain acyl group 
‘onto the chitin molecules 
to form a core Nod-factor 
structure, which ean then be 
modified by other ox! gene 
Pronhicts (3) 
How do ORS278 and 
BTAiL infect and induce 
development of nitrogen- 
fixing nodules on 1 
hosts the aquatic legumes 
Aeseliynomiene sensitiv ad 
‘eschynomene indied? Not only are these 
bacteria unusual, but so are these legumes. 
To demonstrate this. Giraud e” wl used a 
‘nod-gene containing Bradyrhizobium strain 
(ORS285), which nodules other legumes in 
addition 10 A. senstiva, Mutation of the nod 
tenes in ORS285 does not affect nodulation 
‘of A, sensiiva but does block nodulation of 
the other legumes This shows that unlike the 
‘other legumes. A. senitiva ean respond to a 
rhizobia signal other than Nod factor 
How does A, sensitiv induce nodule devel- 
‘opment without Nodsfictor signaling? An 
important elue comes from recent work on 
legume mutants that spontancousty form nexl- 
ies inthe absence of any bacteria oF Nod fac- 
tors, Constitutive activation of lotus histidine 
kinase | (LHD). eytokinin hormone recep 
tor (4) that is required for nodulation (5) inthe 
legume Lomus japonicus, results in sponta- 
neous formation of nodules in the absence 
‘of rhizobia or Nod factors. This activated 
tokinin receptor appears to bypass several of 
the early steps inthe Nod factor-activated sig- 
g eied for calsium spiking (4). Other ev 
2 dence supporting a nodulation role for eyto- 
E kininsis hata stain of Sinorhizobium meliloti 

that lacks Nod factor but is genetically engi- 

neered to secrete a eytokinin, can initiate node 
§ ule momphowenesis (6). Also, treatment of cer 
B tain legumes with cytokinins induces the 
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Getting, or not getting, the Nod. Nod factors produced by symbiotic bacteria infect the 

legume host and initiate the formation of nitrogen-fting nodules (ett. Nod factor~inde 

pendent nodulation may esut rom rhizobia colonization through cack inthe rot epidermis 

(Fight Increased sensitivity toa cytokinin-tke signal may allow part ofthe normal Nod-actor 

if signaling cascade (middle) to be bypassed, leading to nodulation and infection in the 
absence of Nod actors. 


expression of several genes that are expressed 
‘during normal nodule development (7) 

To identify the signal that ORS278 and 
BTAiT use to initiate nodulation, Giraud etal 
screened for mutants of ORS27S that could 
not induce nodule formation in 4. sensitive. 
Although no mutants completely defective 
for nodulation were found. some were greatly 
impaired for nodulation. Several of these 
mustants had defective purine biosynthesis. 
Because plant cytokinins are derived from the 
Purine adenine, this suguested thatthe bacte- 
Fial mutants might produce smaller amounts 
of a cytokinin (or cytokinin precursor) that 
initiates nodulation. Supporting possible role 
for such a signal during conventional nodula- 
tion isthe observation that other rhizobia car 
tying mutations in parine biosynthesis are 
defective for infection of nodules in common 
legumes (8). Furthermore, proteins similar to 
4 previously unrecognized plant cytokinin- 
activating enzyme, encoded by the rice 
LONELY GUY gene, may be present in 
agrobacteria (9), However, inthe absence of a 
‘mutant that is completely nodulation defec- 
tive, Giraud etal, cannot formally distinguish 
between a signal that activates the entire 
‘nodulation signaling pathway ora signal that 
‘bypasses the signaling pathway by stimula 
ing production ofa cytokinin. 

If Nod factors are not required for nodule 
ton in some legumes. why should the Nod fac- 
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{tor-induced nodulation path= 
‘ay be so predominant? For- 
‘mation of nitrogen-fixing 
‘nodules equines. thizobial 
infection, and this requires 
entrapment of the bacteria 
Dering “conventional” infec- 
tion, Nod factors induce ro0t- 
‘air deformation, leading to 
bacterial entrapment. Sub- 
sequent growth of infection 
threads requires modifica- 
tion of Nod factors (as speci- 
fied by nod genes), and prob- 
ably increased coneentra- 
tions of Nod factors, In some 
Jegumes, however, bacter 
‘gain entry 10 roots through 
‘racksin the epidermis, often 
atthe sites where lateral roots 
‘emerge, In another well stud 
ied stem-nodulating legume 
{Seshania msiata) this ype 
of infection shows much less 
specificity for Nod-factor 
structure, although it does 
require some type of Nod 
factor (70), The mode of 
infection of 4, sensiiva and 
A indica by ORS278 and BTAIL shows sini 
larities to that seen in S. rosruta. Such entry 
through eracks may ally bacteria to accumu- 
Jateand forma “signaling center"(/0) that ean 
induce nodulation and infection (see the 
ure). Nodule development could oceur 
ytokinin-type signal accumulates in such 
signaling center and bypasses the early Nod- 
factor signaling pathway. However, induction 
of infection-thread growth without Nod fac= 
tors is highly unusual, Therefore, for both 
nodule and infection-thread development to 
‘occur in this system implies that A, sensitive 
and A. indica may enhance intercellular 
‘colonization by bacteria andior be unusually 
sensitive to some bacterially made signal 
Whether this signal is a cytokinin oF not 
remains to be established 
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Large-Scale Spatial-Transmission 
Models of Infectious Disease 


Steven Riley 


During transmission of seasonal endemic diseases such as measles and influenza, spatial waves of 
infection have been observed between large distant populations. Also, during the intial stages of 
‘an outbreak of a new or reemerging pathogen, disease incidence tends to occur in spatial clusters, 
Which makes containment possible if you can predict the subsequent spread of disease. Spatial 
models are being used with increasing frequency to help characterize these large-scale patterns 
‘and to evaluate the impact of interventions. Here, I review several recent studies on four diseases 
that show the benefit of different methodologies: measies (patch models), foot-and-mouth disease 
(distance-transmission models, pandemic influenza (multigroup models), and smalipox (network 
models), This review highlights the importance of the household in spatial studies of human 
diseases, such as smallpox and influenza. i also demonstrates the need to develop a simple model 
‘of household demographics, so that these large-scale models can be extended to the investigation 
‘of long-time scale human pathogens, such as tuberculosis and HIV. 
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Eat, up wo a resolution of 1 are see (6). Typical 
movement paticms of bosts are als important 
For directly transmited pathogens an infections 

rlividual must be close to a susceptible indi- 
Vika for infection to occur There, the rob 
ability that an inféctiows individual from one 
home focation inficts a specific susceptible 

rival fon anesher is influenced greatly by 
the joumeys made away from home by beth 

ectious and susceptible individuals during the 
period of infectiousness. For many populations, 
datasets fom which typical movement pattems 
can be accurately inferred are now available 
C10, 

Spatial mods of infietious discase tans: 
mmission provide the only plausible experimental 
system in which knowkge of the location of 
hss and their typical movement pattems can 
bbe combined with a quantitative description of 
the infection process and disease natural history 
to investigate observed pattems ark 19 evaluate 
altemative intervention options. As such, the use 
‘ofthese models will increase as spatially hetero- 
‘geneous interventions are considered more fe 
‘quently and as spatially resolved incidence data 
are made available for more pathogens (the best 
‘curently available data sets cover notifiable ehikd- 
hood diseases in developed countris). However, 
‘one problem is that these models can be seduc- 
tive to policy-makers. Realistic population den- 
sites permit results to be presented as maps and 
‘movies, and although these formats are wseful 1 
describe spatiotemporal incidence patterns, their 
Visual impoct coo cys credibility that may not be 
justified. Rather, the underlying sracture of cach 
‘transmission model should be appmoprite forthe 
infection process, the potential inlerventions, and 
‘mos important, the specific hypotheses that are 
‘under consideration. 

In this review, | highlight results from dif. 
ferent diseases (Fig. 1) that use different 


methodologies (Fig. 2) 1 did not include more 
analytically sophisticated approaches (12), be- 
‘cause they have anly rarely been applied to the 
dynamics of infectious discase in realistically 
sdructured populations of animals (4, 12). 


Measles and Patch Models, 
Measles is a disease that requires. government 
notification in England and Wales, for whieh 
district-level data arc available for each bie 
‘weekly period fiom 1948 onward, Two intigus 
ing epidemiological features ofthis rch data set 
have been explained, with the help of path 
models (or spatial metapopulation models) 
Fig. 2x () the longerthan-expected period of 
fade-out afler the start of mass vaccination in 
1968 (13. 14) and (ip the apparent waves. of 
infection observed before and aler vaccination 
(13). In these studies, lange amounts of detailed 
data and sophisticated descriptive statistics (e., 
wavelets) were used in canjunction with very 
simple iMlustrat 


‘observed in (15) was illustrated with the use of 
16 patches oF two types (urban oF semis) 


ranged in a line, A refined version of this 
tncthodology has been used 10 show that state 
scale spatial pattems of excess human morality 
attributed to preumonia and influenva in the 
United States are consistent with human travel 
praticrns (70), This Tater stay highlights the 
‘computational efficiency of patch models over 
individuab-based approaches; that is, it was pose 
sible 10 include the transnission modct within 
‘he inferential framework because solutions 
‘souk! be obvained so efficiently 

Paich models have also been used 10 inves 
tigate aspects of global disease read (8, 9, 16), 
largely mivated by tke 2002-2003 outhwcak of 
severe acute respiratory syndrome (SARS). The 
wvailabity of disease incidence data at the 
national Kevel and the accuracy with whieh 
contemporary global travel is described by 
airfinestichst data (/7) make this topic. well, 
suited 10 the use of computationally efficient 
patch models, For example, the observed sizeof 
‘country ourtbeeaks of SARS during 2003 is, 

consistent with model outcomes (9), 
ugh mainland China was net included, and 
temporal variation in the underlying rate of 
transmission was assumed to be the same in 
very country as that observed in Hong Kong, 

nsapore. 

‘Similar studies have investigated the poten 
tial impact of reduced travel on the rate of in 
femational disease spread during an influenza, 
pandemic (¥, 16). A theoretical model of 100 
‘dcotical populations suggests that even the 
‘most stringent border controls (998% effective) 
‘would delay global spread of a novel influenza, 
ssrain by only a few weeks (/6). This result is 
supported by a study of 32 globally connected 
cities (8), which was validated using travel and, 
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disease data fiom the 1968-1960 pandemic 
(U8, 19), 


Foot-and-Mouth Disease and 
Distance Transmission 

‘The 2001 footand-mouth disease (FMD) out- 
‘weak in the United Kingdom resuliad in the 
slaughter of 42 million animals and produced a 
severe negative economtic impact in the affected 
dlistiets (20), During the outbreak and aflerward, 
various stakeholder groups disagreed over the 
relative merits of spatial culling and vaccination 
stategies. Largely because updated ease data 
were made available to researchers cay in the 
‘course ofthe outbreak, statistical and mathesnat 
‘eal models were developed rapidly enowgh 10 
be of use in policy formulation while the out 
Freak was underway (4, 12,24, 22) 

‘The availablity of spatially resolved farm 
‘census data, with unique identifiers that were 
‘consistent with the ease database, encouraged 
‘one research te spatially ex 
plicit dstance-transmission model (Fig. 2) of 
FMD, with fisms as the individual units of 
infection (2/). The infection kernel for FMD in 
the United Kingdom in 2001 as estimansd 
directly fiom ease data (4, 27) and used in a 
distance-transmission model (Fig. 2) 10 assexs 
the marginal benetits of refinements to culling 
strategies, such as reducing the average delay 
from report to culling of inde premises (IPS) 
and additional presumptive culling of contig 
‘outs premises (21), Initia results using this spa 
tially explicit approach helped validate those 
fiom an eaticr paircorte 
Which propesties of an imp 
were approximated with ondinary differential 


Fig. 1, Patterns of disease transmission inthe United Kingdom. (A) Wavelet 
‘analysis of prevaccination measles epidemics in 954 locations in England 
and Wales [reproduced with permission rom (15)] shows how London (black 
box) drove the epidemics in most ofthe country, wth the exception ofthe 
‘Mancheste-Liverpool urban concentration (upper lft. (B) Simulations show 
‘the three high-risk areas [adapted with permission from (27) for FMD in the 
United Kingdom in 2002. The key indicates the average number of cases in 


‘equations. This series of studies (4, 12.21, 22), 
‘conducted while the outbreak was in progress, 
demonstrates the potential benchits 4 policy 
makers of mihiple research teams addresing 
similar questions using allemative methodologies. 

The precise location of individual farms in 
distance-trnsmission models of FMD facilitated 
the investigation of highly structured spatial in- 
{erventions that coukl not be considered in pair- 
‘correlation models; for instanoc, vacination of a 
‘barrier region to protect large pools of susceptible 
fans (22, prophylactic vaccination of high-risk 
fanns (23), reactive ring vaccination (23), pre 
dictive vaccination of nearby farms thought 10 
‘be mest susceptible 1 infection (23), and yacei- 
nation of an annus aroun! infections farms 
(21). However, the logistical implications of eon 
stanly revising a Tange vaccination qucue would 
besubstantal. Therefore, a more straightforward 
strategy was specifi: 10 prioritize farms for 
‘vaccination based only on their proximity 10 IP 
report in the previous 10 days or to dangerous 
contacts of those IPs. This later statogy was 
shown to be the most ellective in terms of re- 
ducing the expected number of animals dat 
would be culled 24). 


Pandemic Containment and Groups 
In the event of sustained human 4o-human trans 
jssion of @ novel strain of influenza, public 
health interventions should sally attempt 10 
contain the outbecak at the souree. The trans 
ssion of influenza between individual human 
hosts occurs over mush sinller distances than 
does the tansmission of FMD between farms 
Therefore. spatial mukigroup models have an ad 
Vantage over pure disnce-ransmission-modls 
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‘though the United Kingdom during a global pandemic. Only 75 days after 
the arrival of the first cases from overseas, the intensity of red color shows 
the relative concentration of infectious individuals, and green indicates that 
the epidemic is already over in some small communities. (D) in contrast, 
‘even under a pessimistic transmission scenari, 75 days after 10 initial seeds 
‘became infectious with smallpox in London {adapted with permission from 
GD), there would have been relatively few cases, and the degree of spatial 
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‘when used 10 investigate influcnza containment 
because they explicily represent the actual 
locations (such as households, schools, and work 
places) in which inventions will be used to reduce 
transmission (Fig. 2), The houschold is particu 
larly important bocause relatively static groups of 
‘hosts (familics) spend prolonged periods together 
in this seting 

‘The basic reproductive number Ry is use 10 
quantity the transmissibility of an infectious dis 
case and is defined as the average number of 
secondary cases gcnerated by one typically in 
‘ectious individual in an otherwise susceptible 
population (25), Two studies of influenza based 
‘on models that include a multigroup component 
suggest that the spatially targeted use of anti 
Virals in rural Asia, in addition to other contol 
smcasures, has a greater than XP probability of 
containing pandemics with basic reproductive 
numbers. Ry < 1.9 (vaccination not included) 

16) OF Ro < 2.4 (partial vaccination coverage 
fnchided) (27), In addition wo resent estimates of 
£y for influenza that fll in this range (26, 28), 
these findings ked to the adoy 
‘mont as an objective of the World Health Ong 
nization (29, 

The results om these independent studies 
are difficult o compare, owing t0 ny 
Interventions consid and t the principal obi 
tive of both, which was to demonsirate easbil- 
ity, rather than optimality, However, the Wo 
‘mde simulated quite different spatial infection 
processes, a reflected by their assumed fore of 
infection (FOD (the huvant of infection expe> 
rienced by susceptible individuals). In (26), al 
though ment individuals belonged to a howsshokd 
and to ether a school ora workplace, only 10> 


22 10-by-10-km square from 100 model realizations. (C) A novel strain of ion would still be striking [same key as in (B) but with S-by-5-km 


influenza [reproduced with permission from (34)] would spread rapidly 


wonusciencemagorg SCIENCE VOL 316 


square) 


1 JUNE 2007 


1299 


| REVIEW 


1300 


thirds of the disease transmission occured in 
these stings. The remaining thin’ occured ran 
domly, as a fiction of the distance fom in- 
fetios individuals. In contrast individuals in the 
tne! used in (27) belonged 10 multiple groups, 
in addition 10 households, schools, and. work- 
places, The inclusion of these exta setings was 
an altemative to the distanoe- transmission com- 
ponent used in (26). Although both approaches 
require paramsters for which here i lithe or no 
‘supporting empirical data, the model used in (26) 
‘could be views! as more parsimonious because 
its conclusions ane less sensitive 10 these une 
informed parameters, and it mae wood use ofthe 
data that were available, such as spatially 
solved population density and travel survey dat. 
Moxlet design choices. such as these can 
have a substantial impact on predictions of in- 
tervention efficacy. For example, in (27), tard 
antiviral prophylexis implicitly. assumes. that 
household clusters alsa neighborhoods that 
sion could be easily 

jed, resulting in a relatively. low upper 
‘bound of | million courses of teatment required 
for containnent, Conversely, the spatial recruit 
ment of households into the intervention peo 
cesses proposed in (26) implicily assumed a 
weaker correlation between antiviral distibution 


Fig. 2. Four common abstractions for the spatial transmission of 


ative estimate that 3 millon courses of weatment 
\woukl be required to achieve containment 


‘Smallpox and Networks 
Patch, distance keme, and multigroup mails 
‘can all be considcred as special cases of spatiale 
network models. in which nodes represent 
individual hosts and arcs represent_potentally 
inieetions links. As networks, all of the model 
‘pathogen combinations described above would 
have high average mumbers of ares per node 
(ic, a large neighborhood size) relative to their 
Ihasic rcprductive number Ro However, for 
smallpox, intimate contact was almost always 
required for transmission 19 occur (30), There 
fore, it is neosssuy 10 present a substantial 
proportion of smallpox transmission as occur 
Fing over a static network witha relatively small, 
neighborhood size. This approach was used (37) 
10 show that for the United Kingdom, the ad- 
ditional benefits of geographically targeted 
regional vaccination would not outweigh the 
adverse effects of vaccinating many low-risk 
individuals. Specifically, contact tracing with 
isolation and saceination alone would peobably 
‘result in fewer deaths froen a smal intial cluster 
‘of cases in London than wouk! oocur if yoo 
‘graphically targeted regional vaccination was 
‘usa in addition to such a policy 


‘between the two cannot occur. Spatial paterns of spread a 


Perhaps the most innovative modeling ap- 
prvach 10 emerge fiom smallpox epidemiology 
(32) is the desvation of static contact networks, 
from individual-hased second-by-second miero- 

all of the people, locations, 
the city of Portland, Oregor 
‘were simulated explicitly. Simple rules were then 
‘used 10 construct static contact networks from, 
dynamic newworks of individuals and locations, 
For example, if two individuals were present in 
the same lecation for more than an our, it was 
sssumed that a social comact existed between the 
two, Because the intensity of contact was ase 
sumed 1 be similar in all locations, impli, 
poople’s behavior in supermarkets (with respect 
to disease transmission) was asaumed to be the 
sume asin the ome, This uniformity of contat 
intensity is unrealistic and must have rested in 
‘overly connected social networks. However, when 
‘goo data are available on the relative traniis= 
sibility of respiratory pathogens in lferent social 
settings, the derivation of lange spatial contact 
‘networks from microsimulations will provide 3 
‘natural refinement of the distance-ransmission 
approach described abe, 


Current Challenges 
‘Sexe of the individual-based spatial mexlels 
described above include age classes and house> 


determined 


infectious diseases. Differences between these approaches are best 
understood in terms of the FOL, which is locationspectic in spatially 
‘explicit models. Red dots represent infectious individuals. (A) For patch 
transmission, all members of the same patch (residents of 2 town, for 
example) receive the same FOL, which is 2 function of the distance from 
‘their home patch to other patches and of the prevalence of infection in all 
patches. (B) Distance transmision fs explicitly indivdual-based; that i, 
each farm is assigned a precise location. It is assumed that any given 
infectious individual can infect all susceptible individuals within range. 
‘The pairwise probability a infection is usually a monotonically decreasing 
function of eistance, and the absolute FOI experienced by each susceptible 
individual because of a single infectious individual i low. (© tn a pare 
muligroup mode, the FOl fs determined entirely by group membership, 
For example, if an infectious individual shares 3 household with 
susceptible individual (ovals), there is a high probability of transmission 
‘occurring between the two. However, if an infectious individual does not 
Share a group with 2 particular susceptible individual, transmission 
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by the locations of households and workplacesichools (rectangle) and by 
the typical distribution of journeys between them. Dashed lines indicate 
‘group membership and solid tines indicate potentially infectious links 
between individuals. (0) Network transmission is similar to. group 
transmission in that the FOI experienced by susceptible individuals is 
2er0, unless they share an arc with an infectious individual. For directly 
{transmitted respiratory pathogens, network transmission can be thought of 
£35 a refinement of an implicit group structure, in which its assumed that 
‘ot all members ofa group are equally well connected; e., all colleagues 
at a workplace are not contacts. More than one component a transmission 
's included in some models. In general, computational. requirements 
increase from (A to (0). Patch models can be implemented effectively on 
2 typical desktop computer because they do not explicitly represent 
‘individuals. For population sizes greater than 10 milion, individual-based 
‘models have been implemented on clusters of large-memory personal 
computers (26, 31, 34). Detailed microsimulation models (33) have not 
yet been implemented at scales larger than a city. 
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hol! stuctune (26, 38-45), However, none of 
them incl demographic process 0 tha the 
inh, death, and agin of vials are co 
sislent with the formation and dssolton of 
households over tine. Although these processes 
‘sould ite substantial atonal snmp: 
ity, spatially osu exmsis data and pj 
tens are availble for many popatons, wich 
souk! allow thesia amber of parameters 
«uit by the alton demograpic presses 
to be estimated independently of the transmis- 
sion mx. Demonic prjstions have ak 
realy been incomprated with good els ino 
norsptiad model, such as those for HIN (36) 
and pertnss (37) I suggest that several hur 
prog inaction that exhibit spatial histo 
ing tlre scale and that are fen tans 
within the house cou be investigated with 
such an exerson 1 cument indivi baned 
spatial mal, For example, it may be possible 
to sine pico of spa pers Ofcom 
bine tuberculosis nd HIT ansmission i Jo 
‘loping couitcs (38) a hone to sons 
the use of spatially heterogencous household 
‘based intervention strategies at different distance 
scales, The sett of results en such em 
dels w the dormgrapic ross that were tsa 
ould be ist ley with appa: 
sivty analy 

Ione uscs the network paragm w enitque 
rnodels of dncly transmit infectious di 
ease, thes isa dssperte nce for empirical 
evidence to inform basic choices of topology, 
such as average neighborhood size, For exam 
pis, the mods sutures sc many weet 
suis of panic nena (26,27, 34.85, 39) 
assume implcily that ncighboroed pious 
the hoxschol ix lage: i. that a subtntil 
proportion of the mall number of secondiry 
‘cases (basic reproductive number Ro < 2, in 
‘eluding houschold transmission) arises with low 
probably rom bit enact with many pele 
‘Although this sumption is appropriate because 


itis conservative with respect to the efficacy of 
‘group-based interventions, there is very litle 
supporting empincal evidence. For example, 1 
am not aware of any studies that have been able 
1 inker reliable estimates (for any pathogen) of 
the infectivity and susceptibility of individuals in 
the home, reative 10 the workplace or school. 
“Techniques that allow highly speciic noninvasive 
sampling for bacteria and viruses, coupled with 
imcnse empirical studies hased in houscholds, 
workplaces, and schools, couk! dramatically 
duce these gaps in our knowledge. Detailed 
‘microsimulation models (33) could be used 10 
‘obi estimates of spatial network topologies for 
different pathogens. 
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Seawater Chemistry and Early 
Carbonate Biomineralization 


‘Susannah M, Porter 
anisms use a wide varity of minerals to 
make their skeletons, including silica, ap 
att, and several polymogphs of carbon 

ate, in particular aragonite and cakite Its unckar, 

however, why dillerent xa evolved to use one 

‘mineral rather than another. Lineages rarely 

‘switchad ther mineralogy afer acquiring skeletons, 

suggesting that, for most taxa, ambient seawater 

chemistry does not songly influence skebeal 


have hoon aragonitic, ann 10 are highly likely 10 
Ihave been cakitic(ctherhigh- or low-mancsium 
cakite). Mapping infeed skektal mineralogics on 
fist appearances of mineralization (FAM) ress 
ina strking patem (Fig. LAY Argonitc uxa sy 
tematically appeared carr, with FAMs occuring 
inthe Edicaran Period fiom Nemakit-Dakdynian 
Stage followed by cakstic tra, which begat min 
cralizing in the Tommotian Stage or later 


Fr 


a clade. Mincalzation of most animal skektons is 
biologically conollel, eccuing in an environment 
bolted fom seavar (7). As a sult seawater 
hemisry does not have a diet infhurnce on the 
tmincrabogy of rst anal skektoas the way ides 
Sie bomincralis that induce mineralization dinet- 
1y fiom seawater (). However, seawater chemistry 
‘muy have played an indir vole in determining 
sleketal mineralogy by aflexting the physiological 
casts of biemineralization (/). Experimenta and 
pokontologial evidence supuests onzanians ve 
scar difficulty producing skekions not fivored 
boy seawater charisey (2.0; ts, itis reasonable 
4 posit shat, when skelowns fist evolve, natural 
selocton favored the mineral easiest to precipitate 
(7), Once selected, however, ta rarely switched 
mineradogies even though they may have boon 


cera (7. Hosvever, seawater 


hemity may hive dined Paes Mie/Ca2* rains changed (2). 
the choke of shea i- = Athough ill opal, 
cbyy the tre skaons =e Sk mina may snes 
fa evolved in che (/,2, Saal mentor Inve presented considerable 
This pti as std i sty saint 
bby assessing the ancestral min iwecu anne 
cology (niginie venus ak . ieee aed te 
tie) 21 mtn ta Ht Conte 4129 G0, 
cohed minsalntn ding 2 Smee CA ie, 
the late Edisearan thresh the +5 emyeiyy 
‘Ordovician ($80 to 44 il 3 Seen 8 toy tet, 
ton yer a) and cei in oup on tat Eun of 
the si stn wh ind Se lat | 
perked consinints on veya A.W Sipe, B8, Plesm 
ana cami (Fi. tan «UE Sta | 
tubes $1 and $2). Each tron is 5 Seater Cnet ‘S.1. Brennan, LA. Hardie, 
thought #6 repmesent an ile — (LV. Domi, Setncr 296, 1006 
endent acquisition of biomin- om. 
ererhege 5.1. Mone, 0 War, M1 
raion (J) an thereine Fig, 2, Fst appenances of carbonate sons in armas (A) ad consis on semater Gi 95 8 CM 
shoul! offer an inklepennlent chemistry () during the Ediacaran through the Ordovician Periods. Fla indusion data ate sted in © 5.1 errant. K tamer 
ist of th hype. Atom able S2 Idec evidence for somater chemi. review! fn Gres to conaiaits tom, Mtb ay 32472 000 
tive tavonomic inferprctations —nonskeletal marine precipitates and from models of mid-ocean ridge hydrothermal brine fses, E Ouchet Chor, Geet 229, 
(tke SI) alt th Ure of Baoue met aa are lad in abundance, tis aud at Sst appearances of shorn T49 GOS 


sunt rth pion psa 
hae hut do nt change it Four 
taxa known tobe polyp 
ware exchide! (table SI). 

Determining the primary 
mineralogy of ancient carbon 
at fis isnot taht 
hexause aragonite reerysalls 9 cate at Earth's 
surfice presanes. As asl, femery arate 
skektons are ofisn precrva as cate Five we 
accepted criteria were used to ine primary min 
cralogy [Supporting Online Material (SOM) 
text: (i presence of riinal aragonite. i phylo- 
_genitic dstibution of minsralgics in extant mem 
‘ers sup i) quality of paservatinn of eial 
ices in calc, (iv) morphology of ere 
tals replicated by secondary’ minerals and () ma 
nesium coaten. Evidence for primary mineralogy 
was dean fom the fterture (able St) and ent 
ically evaluated with respect to these criteria 

For 18 of the 21 tsa, primary mincralogy is 
known with at least some confidence. Of these, 
it ane highly Hkely (N'=4) or likely (V4) wo 
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the fossil record doely approximate actual fist appearances of skeletons. “Calcte sea” and 
“aragoite sea" refer to seawater that favors cae and aragonite precipitation, respectively. 
Boundary age constants are fem the International Commision on Staigaphy Intemational 
‘Statigraphic Chat (2007) (wn sratirapty orgie pi and (11). Although there f uncertainty 
regarding the postion of stage boundaries relative to some frst appearances of sheletors, the 
sequence of taxa i unaflected (table S2). Ma, milion years T, 
‘Stage; BotToy, Btomian and Toyonan Stages. 


Fluid inchasions in uine evaporite dopa 
provide the most definitive constraints on the 
Mg /Ca ratio of ancient scawater (4), which 
is thought to be the primary coao! oo maine 
nonskektal carbonate mineralogy (2, 5). These 
rlicate that the Mg™* Ca ratio of late Edicaran 
seawater fivorad aragonite precipitation (4, 6), 
whereas the Me'Cx** ratio of Tommotian 
Axbabanian through Toyonian seawater (4, 6 7), 
as wall as that of kate Ordovician seawater (4, 8), 
favored cakite precipitation (Fig. IB and tle 82), 
The close comespondence between the pattem 

‘OF FAM and the constraints on seawater chemis- 
ny Fie 1) suggests that sektion of aragonite versus 
cakite was lacy dicta by seawater chomibtry at 
‘the time minaralzed skelstons were fist acquit in 


menation Stage: A, Aldabonian 
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155,000 Years of West African Monsoon 
and Ocean Thermal Evolution 


‘Syee Weldeab,4*t David W. Lea,* Ralph R. Schneider,? Nils Andersen® 


‘A detailed reconstruction of West African monsoon hydrology over the past 155,000 years suggests a 
close linkage to northern highatitude climate osilations. B/C ratio and oxygen isotope compasition 
of planktonic foraminifera in a marine sediment core from the Gulf of Guinea, in the eastern equatorial 
‘Mlantic (EEA, reveal centenril-scale variations of riverine freshwater input that are synchronous with 
northern high-latitude stadia and interstadils ofthe penultimate interglacial and the last 
deglacition. EEA MgiCa-based sea surface temperatures (STS) were decoupled from northern high 
tatiude milenil-scalefucuation and primarily responded to changes in atmospheric greenhouse 
‘ges and lov-latitude solar inslation. The onset of enhanced monsoon precipitation lags behind the 
‘changes in EEA SST by up to 7000 years during glacial-interalail transitions. This study demonstrates 
thatthe stadiaintestadil and deglcil climate instabity of the northern high latitudes exes 
‘dominant contol on the West Arcan monsoon dynamics trough an atmospheric linkage. 


© Wat Afican (WA) monsoon is an 
| important component ofthe climate sys- 
tem because (I) it i put of the global 


monsoon system that regulates the moisture and 
heat budget of the atmosphere in how fates 


ii) Wis sensitive to climate processes in the 
northem high latitudes and twpical oceans (/) 
and (i, ata regional level, i isthe main deter 


‘inant of agricultural preuction in densely pop 
tubued areas where the economy deperus on 
subsistence agriculture, Thus, a deeper under 
standing of past WA monsoon dynamics and its 
controls is of pivotal importance 40 improving 
‘our knowledge of the monsoon system aid as 
sessing the impact of future etimane change 
Previous studies of WA palcohydrobagy bags 
ly focused on the Holocene and the bast de 
‘tlaciation (2-7) and reveaked altering bum 
and dry conditions as reconstructed. from lake 
level fluctuations across the continent (3). These 
hydrological changes are thought 0 reflet the 
movement of the infertropial convergence zone 
(ITCZ) in close association with wopical SSTand 
nonthern high-latitude climates (2,4). Because of 
the lack of a long, continuous, welldated, and 
high-resolution record that includes indpendcet 
nf quantitative hydrological proxies, our uower- 
‘standing of the WA paomonsoon and i tk 
connections to global climate remains tenuous 
Toy address these shortcomings, we present a 
158,000year revonstuction of WA moasoon 
prceipitation variability at the centennial-io- 
millennial scale from marine sediment core 
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MDO3-2707 (O2°30.11'N, OF DR6KE, 
water depth), which was recovered fo 
ceastem part of the Gulf of Guinea in the EEA 
n 

‘Oceanographic setting and proxy records. 
The Gulf of Guinca is Iosatad in the easter 
‘extension of the equatorial Atlantic wart ton 
(8). Inthe upper 20 m ofthe water column, SST 
varies between 26° and 28.5°C (8). Freshwater 
input from the Sanaa and Niger rivers is the 
factor determining modem sea surface sa- 

linity (SSS) variability in the casio Gul of 
Guinea (Fig. 1). The lange volume of riverine 
rrmoff, combined with weak current and wind 
mixing (9, 10, leads to markedly low SSS and a 
shallow haloctine (20 t0 30m) (§) ig. 1), Our 
working hypothesis that langs-scake changes in 
past WA monsoon precipitation and riverine 
runoff are reflected in the isapic composition 
‘of seawater and buxiget of dissolved Ba in Gulf of 
Guinea surface water, which i, tum, archived 
microfonsils that accumulate in marine see 


Fig. 2. Annual 55S in the Galf of 
Guinea). Location of MOO: 

2707 (02"30A1'N, 09°23.68'E, 
1295 m water depth) and drain- 
age basin of Niger and Sanaga 
rivers (delineated by dotted line) 
are indicated. The Sanaga River, 
with an annul discharge of 77k 
rains a basin of 158,000 kon? wth 
the highest precipitation (10 mm 
ay in the Aran continent 23), 
the catchment of the Niger River 
{2,400,000 km?) integrates. the 
largest part of WA monsoon area 
with annual runoff of almost 200 
kn? [data fom Goal Runoff Data 
Centre hitpligedchatg.del. Be 


iments Because ofthe absence of costal upwell 
ing and strong local curent mixing in the easter 
‘part ofthe Gulf of Guinea (fg, SI), SSTestimates, 
likely reiket atmespheric conditions over the 
twopical Atlantic rather than adective signatures 

‘We measured Ba‘Ca ratios, Me'Ca ratios, 
and oxygen isotope composition (3!*0) in the 
sss (shells) of planktonic foraminifer Globe 
sgerinoides ruber (pink variety). which dwells in 
the upper 2S mor the water cohumn, to infer past 
SSS and SST variation, MDO3-2707 core 
sediment is 37.30 m Jong and covers the past 
135,000 years (Fig. 2). The age model is 
scribed in (0). We applied Mg paler 
«ary to obtain SST estimates using an established 
calibration equation (2). 80. in foraminiferal 
‘alkite ("Oza i controll by the cake 
tion temperature and the 40 of seawater 
(8"%Oyu), which is controlled by sa 
tion and continental ice volume, The 
caxtracted by means of the Me 
sstimate with analyzed 80 and temperature- 
8" Ossau-8!Oqy tationship 12), 87 Opi = 
Ie Tne salinity (73), However, changes 
inthe origin of surface waterand changes in 80 
of riverine runoff make the use of the moxlem 
8! Oq-S8S relationship 4 determine paleo-S8S 
cotimates uncertain 

BaCa in planktonic foraminiferal ealeite 
(Ba Capea) rOides an innovative tool 1 Assess 
fast varity in regional riverine runott (4), 
Scawater Bu (Bigg) Concentrations at oceanic 
sites influenced by riverine nino havea notably 
high inverse comcaton o sanity, with high Ba 
and low salinity at ites closet to the river mouth 
(figs. $4 ana $5) because dissolved Ba i high in 
riverine water and Ba desots from suspended 
seximents in estuaries (5,16), Laboratory exper 
Jmonts on living planktonic foramina demon 
strate that Ba incorporation in foraminiferal 
caleite varies linearly with changes in Bigg Con- 
centration, independent of temperature hanes 
within -7°C (17), Therefore, the variation of 
Ba Caja is controlled by the Bay, concent 


oS 


wo Se we WE 


‘tween June and September, intense monsoon precipitation (-180 to 240 mnvmonth) prevails over the 
‘catchments ofthe Niger and Sanaga rivers (23), resulting in a large frestmater input into the eastem part 


of the Gulf of Guinea. 
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tion, and the temporal variation of BAC gem, 
‘provides valuable insights imo changes in iver 
ine feshwater input. In order to oblain an esi 
mate of the past runoflinuced SSS variations, 
as recorded by Ba'Cagmme WE Use the modem 
BalCayy-salinty relationship obtained off the 
Congo’ River (/5) and BaCag-BaC open, 
patton coefficient (17) to cbuain 3 Ba Cea 
SSS relationship (Fig. 2) Although our approach 

supported by the observation that Bay, con- 
centration in thrce different estuaries (Hig. SS) 
affected by runoft from thece major topical rivers 
shows a high and similar degree of linear 
comelaion with salinity (0), the BC 
based SSS estimates should be regarded asa fist- 
‘order estimate, because the BCiemsalinity 
relationship in the Gulf of Guinea is not yes 
cesablished 

Holocene WA monsoon history. The BaCa 
recond is the most direct proxy of riverine 
runt, Variability of "0 in G. ruber gen- 

ally follows that of Ba‘Ca, although the 
480 fMuctuations are less pronounced (Fig. 3). 
The close correspondence between Bas and 
‘8!Oqy indicates that the later was largely com 
twoled by riverine runofY throughout the recon 
The langest ana! most abrupt Ba'Ca rise in the 
Gulf of Guinea record oxcurs at ~11 460 years 
belive the present and. marks the end of the 
Younger Dryas (YD) ehronozone and the be- 


Fig. 2. Gull of Guinea record 
based on trace element and 580 
in tess of the shallow-dveling 
Panktonic foraminiler Gruber 
(250 to 350 jum) from core MOO3- 
2707, Proxy records in MDO3- 
2707 are poted versus calendar 
‘age thousand years hy) BP] and 
‘compared with the "0 in ice 
(Oa) record of the NGRIP Ke 
core (A) (30). 30 in the tests of 
G. uber (B), 5"Oqe (not corrected 
for changes in continental ice 
volume) (©, and BalCa_(ymol 
mob) and Baa-based 555 est 
mates (D) are shown, PDB, Pee 
Dee belermite; SMON, standard 
mean ocean water. The Bata- 
based 555 estimate is calculated 
from the modem. Bayrsalinity 
relationship obtained” off the 
‘Congo River (15) andthe partition 
«oefcent fr Ba incorporation in 
foraminiera of Dy, = 0.147 [Bal 
‘Cam = Da Bad) 17: 55 = 
[PAT Bar den) + 32.85; 7 

0.96; error estimate, 20.41 pa (ig. 
54). The BalCa record betneen 
£122,000 and 127,500 yr BP. ight. 
be sahtly affected by diagenetic 
intuence (10) E) Nga (mmol 


mol and Nig Caased ST estimates, where SST('0 = 007™ineatmelinal! 
(036) +078 U2 SE exits, £1.2°C Symbols along hexane age contol 
pins use fr estabishng the age model or OO3-2707 (1 Tans inca 
_2ge contol points 25 dsved rom apoyo to indicated “CANS 
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‘ginning of the Holocene epoch, The increase of 
BalCa ffom 1 410 LS mol mol, equivalent ton 
‘SSS change from 27 to 24 practical salinity units 
(psu), cccurred within few decades (~50 years) 
and points an abrupt switch from relatively dry 
twextremely wet conditions and wo a large north- 
ward expansion of the monsoonal rainfall front, 
as previously suggested by modeling studies 
(U8, 19) aod pateoctimate data (3, 4, 20). The 
ton of the monsoon in the carlist 

cbt 
forcing hypothesis, because perihelion occured 
carly Northern Hemispere surrey at this time, 
resulting in enhanced summer insolation (27, 
and a seasonal warm tropical Atlantic (Fig. 3). 
Pessitently high levels of BaCa (1.7 10 LS 
wmol mol) for ~6300 years suggest that intense 
monsoon precipitation an high nverine runoft 
‘continued throughout the early and mide Holo- 
‘ene, with salinity mininum of 2 ps, which is 
just 2 psu higher than dhe salinity Hit (21 psu) 
for Gruber growth (22), Supsrimpesesl on the 
‘generally extreme wet conditions during the mid- 
dle and early Holocene (11 460 to $100 yr BLP) 
are several cemtennial-seale Ba'Ca fluctuations, 
Including a prominent event close 9 4200 yr B, P 
‘After ~$100 ye B.P, riverine Ba'Ca declined 
‘continuously. eventually ataining (at 360 yr 
BLP) an average value of | yunolimol, which 
‘comrsponds to an SSS estimate of 29 pst, which 


is equal to the modern annual SSS value at 1010 
25 m water depth over the core site (8), The 
‘gradual decline of riverine freshwater input over 
the Bate Holocene, as indicated by BuCa and 
£8'%0, is most likely associated! with a continaous 
southward retreat ofthe monsoonal rainfall font 
fom its norhemmost expansion (-27°N) during 


atthe present (22), This finding is consistent with 
the results of temestrial studies from the drainage 
basin ofthe Niger River (24, 25), suggesting that 
‘weakening and gradual southward displacement 
‘of monsoon precipitation were accompanied by 
ssadual changes in vegetation, 

‘We hypothesize that, in the absence of lane 
‘northem high-latitude ice-shoot instabilities, WA, 
Holocene monsoon precipitation is linked 10 
‘Nohem Hemisphere low-latitude summer inso- 
lation and EEA SST. In fact, high riverine uno 
inthe carly and middle Holocene, as indicated by 
high BarCa, is accompanied by high SST, and 
declining runoff occured in parallel with de- 
creasing SST throughout the late Holocene 
(Fig. 3), Furthermore, a comparison with ether 
seconds of the global monsoon system indicates 
that the evolution of Holocene WA monsoon 
‘precipitation shares close similarity wil that 
‘of the Indian Ocean (26), the East Asian (EA) 
27), and the South American monsoons (28), 
suggesting that declining Northem Hemisphere 
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296 (ble S1 andi 
agnment of the 
(the berth foraminiferal S©90 recordin MDO3-2707 (ig. S2) with the “LROA” 
‘benthic foraminiferal 60 stack record (49), respectively (tale $2). 


3) ae cies and cfamands are te points obtained by the 


reco in (B) with the NGRIP 304, recordin (A) GO) and 


summer solar insolation acted as a common 
control on the global monsoon system during the 
late Holocene (29), 

Monsoon behavior during the last two 
deglaciations. Gilacial BaCa values are only 
slightly clevated over openocean Ba'Ca valucs 


Fig. 3. Gall of Guinea 
record over the past 
25000 years based on 
trace element and 80 
in the tests of ruber 
from MO03-2707, in 
comparison with ‘the 
{580 record ofthe NGRIP 
fee core (Greenland ke 
{Care Chronology 05) 
Go) (). 60 in the 
tests of G. ruber (B), 
BO (not corrected 
for changes. in conti 
rental ice volume) (0, 
Bara and BavCarbased 
$55 estimates (0), and 
Mg/Ca-based SS esti- 
mates (€) are shown. 
‘angesalong the xan 
indicate age contrat 
points as diven from a 
polynomial it nie 
ual calibrated MCAMS 
ages table SL and fg. ores 
3), The gray bar marks 

‘the YO chronozone. 


tape st re) 


(25), implying gxcatly reduced riverine runofT 
and SSS of ~32 psu (Figs. 2 and 3), Stable and 
low values give way to rising BaCaaficr 16430 yr 
BLP. indicating a gradual increase in rmoT and 
Precipitation, At 14520 yr BP. BaCa rises 
sharply 10 peak valics, coresponding 19 SSS of 


210 2 M4 16 18 20 22 
‘ater 9 Oy. BP) 


% 
age ey BP) 


wo 15 0 HHS 0 


Fig, 4. Gulf of Guinea record covering the time interval from 65,000 to 123,000 yr B.P. based on 
trace element and 330 in the tests of G. ruber from MDO3-2707, in comparison with SH record 
Of the NGRIP ice core (30) (A). 5°*0 in the tests of G. ruber (B), 6¥Oye (C), Ba/Ca (molimol) and 
BalCa-based SSS estimates (D), and Ma'Ca-based SST estimates (E) are shown. GIS identified in the 
490 and Ba/Ca record of MDO3-2707 are numbered ("19" to “25°), and associated GS are marked 


in gray. 
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26 psu during the Bolling-Allewd chronozone 
(BA), indicating runoff levels similar to those of 
the early-late Holocene (~4000 yr BP). At the 
‘onset of the YD (12930 yr BP), BaCa drops 
albruply to 1-1 jmmol mo, indicating a collapse of 
riverine runoff and salinity increase 10 29 ps, 
‘most likely as a result of sharply reduces! mon- 
sonal precipitation. Sustained low BarCa values 
‘nlncident withthe YD chronozane (~12930 10 
H1A00 yr BLP) suggest that dry conditions in 
‘westem Africa lasted for ~1400 yeas, 

The revonds of riverine runoil praxis in the 
Gulf of Guinea closely correlate with the North 
Greenland fee Core Project (NGRIP)S"O recon 
(30) during the lst deglaciation (Fig. 3), Periods 
(of warm air temperature over Greenland were 
associated with periods of high riverine runofT in 
WA, whereas cold conditions were associated 
with reduced runoff, Within age model uncer 
taints of ~=150 years, the onsets and termi 
nations of the precipitation changes in the WA, 
monsoon area during the B/A and YD ate 
synchronous with the shift in the NGRIP record 
This suggests a strong climate connection be: 
tween northern high-latinude clinute processes 
and WA monsoon precipitation, most likely due 
to synchronous latitudinal displacement of the 
polar front arid the ITCZ, 

Insharp contrast the riverine runoll proxies, 
deplacial My'Ca ratios in the Gulf of Guinea 
record innicale a continuous SST rise fom 
ighacial value of 24.1 = 04°C (1 SD) between 
28000 and 19,000 yr BP. w 272 © OPC 
between 11,000 and §,500 yr BLP. This finding 
implies that deghicial air temperature instability 
‘over Groonland (30) was not matched hy SST 
changes inthe EEA. This observation, combined 
‘with SST reconstructions from the topical west: 
sn Atlantic (31), demonstrates thatthe YD did 
‘ot Kkave a thermal imprint on the epen-ocean 
‘gqustoril Atlantic. Accordingly, the sham YD. 
‘cooling observed in the Cariaeo Basin (32) 1 
fAccts the sensitivity of this basin to nomhem 
high-latitude processes rather than a widespread 
copetrocean tropical Atlantic themal event It 
further implics that EEA SST was not the domi 
‘nat contol on deglacial WA monsoon precipi: 
tation satiability, The continuous and gradhal 
‘SST rise during the last deglaciation Heads abrupt 
changes in monsoonal precipitation by ~2500 
years, The penultimate deglacial is characeriacd 
bby an even more pronounced lead-lag pattem, 
‘with gradually rising SST leading the rapid onset 
{in monsoon intensification by ~7000 years The 
finding that SST leads the deglacial monsoon 
‘onset by up to 7000 years sugaests that regional 
'SST rise was not the dominant contol on degla- 
ial WA monsoon evolution. Large-scale changes, 
in atmospheric circulation linked to substantial 
duction ofthe nowthcrhigh-biude ce shoets Hk 
Jy trigaced the onset of monsoon intensification, 

Glacial WA monsoon variability. Riverine 
runoff proxies suggest dry and relatively stable 
conditions during fll glacial episodes in the WA, 
‘monsoon area (Fig. 2). During the time intervals, 


SCIENCE VOL316 1 JUNE 2007 


1305 


| RESEARCH ARTICLES 


1306 


from 19,000 to $1,000 ans 61,500 to 700000 yr 
BP. [marine isotope stage 4 (MISH), BoCa 
ratios are markedly low and stable, ranging from 
0.910 1.1 ymotmol, Which corresponds 0 an 
estimated $85 of ~32 to 30 pss. Considering the 
effect of increasing continental ce volume on 
8M (33) fom $2.00 through 19.000 ye BLP, 
the 0,4 record comoborates the overall envi 
ronmental conditions siguested by Baa, indi 
eating low and stable riverine runoff and a 
severely weakensd WA monsoon system, Star- 
ing atthe beginning of the MIS4-MIS3 transition 
(62,000 yr BLP), Ba/Ca gradually increases and 
peaks at ~$5,000 yr BP with a value of ~15 
Jumol mo, which comesponds to ~26 psu and 
suggests less saline surface water during cay 
MIS3 relative to that of the late Holocene. 
Unlike the last devkicial and penultimate 
inenglacial (Fig. 4), glacial WA riverine runot, 
as reconled by BuCa and 8!Oq,, did not fuc- 
tate in concert with Greenland interstadials 
(GIS) and stadia (GS) (30), Assuming that our 
sample resolution sufficintly captures centennial 
Tomillennial-scale hydrological changes in MIS3 
and MIS2, the Gulf of Guinea reord suggests 
that glacial boundary conditions dampened the 
response of the WA monsoon system Wo glacial 
GIS. This in sha contest othe South Amica 
4, 45), Indian Ocean (34, 37} and EA monsoon 
systems (39), which reveal strong coupling tothe 
GIS events betwoun 19,000 and 60,00 yr B.P. 
‘We hypothesize thatthe extent to which the 
WA monsoon responds 19 subwillennial extra 
topical foreing may depend on the inital sum> 


Fig. 5. Timing of deglaal onsets 
‘of he WA monsoon [as inated by 
80 (D) and BalCa (E)] and the 
Gulf of Guinen SST record ding 
texmination Land (as compared 
with the EX monsoon record from 
Dongge Cave (B) (27, 46), the 
iidsurimer solar insolation is) 
at 15°N (29) (©, and changes in 
atosphesk methane concenvation 
(A, as measured in the Greenland 
Ice Sheet Projet 2 ce core (47) and 
inthe Vostok ice core, Antarctica 
(40). ppv, parts per biion per 
volume, The termination Baca 
record is sighy affected by sei- 
mentary contamination, and meo- 
surements oer than ~127,000 yx 

P. are not shown CO). Abrupt 
wonsoon WA and EA changes ot- 
‘ued late in the desacal phase, 
whereas SSTs warmed relatively 
Continuously and without abrupt 
shifts thoughout the deslacation. 
This observation suggests thatthe 
WA and EA monsoons acted in 
Syncrony and support the nation 
that the abrupt atmospheric meth 
ane inzease associated with daca 
terminations may have i source in 
monsoon areas (6,46). 
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mer position of the [T'CZ that is determined by 
hcial and inteplacial boundary conditions. 
During glcals and the scond half of MIS3, 
the Iydokpical roses suggest minim rt 
off and scverely rluced pspitation over WA, 
This & combicn with 2 waderanging sot: 
ward ITCZ displacement over the Adantic alm 
2 evidence by conumaant dey conditions in 
the Cariao basin (39) and wet conditions in 
reiessem Bri (35). We angus tht the ca 
onal notwaed migration ofthe excank ITC 
which was postions over the EEA dung the 
‘hicials and Ite part of MISS, did ot extend 
forth of the cas-west mending WA. ents, and 
thatthe TTCZ sponse wo yl GIS warming 
was dampened by the lange thermal inertia of 
the ocean 
WA monsoon variability during the pnuti- 
mate interglacial. Hydrological proxics in the 
Gulf of Guinea record indicate numerous 
milnniatacale Moctuatons in riverine fib 
water input during the ponakimas nro 
(MISS) Fig. 4) Both Ba'Ca and O,, sigsst 
hanced vere rol a ie fra that 


uno at the associate € 
[as a result of diagencte complicatons, BaCais 
tt considered eyora! 127.500 yr BP. (10) 
Close examination abo reves that he relative 
anphtuse of BaCa and 80 changss in the 
Gulf of Guinea record comating to GIS 19 aad 
GS 20 are kess pronounced than those observed 
in the NGRIP eccord. We attibute this to the 
fact that both GIS. 19 and GilS 20 occumed 


YO 2 14 16 18 20100 1S 10 135 10 
coe ag BF) 


307.8) 


daring the wansition from interglacial (MISSa) 10 
tlocial boundary conditions (MISS), which, as 
argued above, appeared to dampen the WA mon- 
soon respons 9 extratropical influence. Some 
slight differences in the patem of transitions al 
1 stadial to inerstadial and vice ver. 
‘9 in the Gulf of Guinea ecard when compared 
‘with that of the NGRIP reeord (Fig. 4). GIS 23, 
{or example, terminated abruptly as indicated by 
‘Ba/Ca in the MDO3-2707 recon; in the NGRIP. 
cord, the transition to GS 22 is gradual, The 
wk of EEA SST in modulating the WA mon: 
soon precipitation during MISS (Fig. 4) was 
‘most likely secondary: This observation sugeests 
tht although the general conditions of millsanial- 
scale WA monsoon precipitation during the 
MISS were et by northern high-latitude climate 
conditions, the amplitude and abruptness of WA, 
‘precipitation changes appear 1 be rxlulated by 
lateral variability ofthe monsoon syste oF Were 
reconditioned! by loebtitade summer insolation. 
EEA SST forcings. Major changes in EEA 
‘SST are reconded at glacial temninations I and I, 
‘quivalontto $STinereases of 3 + 0.8" and 3.7 
O5°C, respectively (Figs. 2 and $). The EEA 
SST record is also in phase with midsummer 
solar insolation at 1S°N (29) (fig. $6), suggesting 
tht the EEA is thermally sensitive to Norther 
Hemisphere low-lainude summer rad 
ther through a monsoonal Redback (2/) oF 
bbocause My/Ca-based SST estimates. are 
‘weighted rowan the boreal summer. The effet 
‘of orbital forcing in the EEA SST changes is best 
cxcmplified by the SST rise at 140,000 to 
155,000 yr BLP. when atmospheric greenhouse 
gases and thei associated radiative forcings were 
low, as indicated in the Vostok recont (40) (Hi. 
'S6). Apart fom the lange SST changes during 
terminations (1. the 100,000-year eyeles) and 
those related to processional variance in summer 
ola a feature that stands out isa cooling of 
between 84,500 and 78,000 yr BP. 
‘Comparison of EEA SST with the Vastok ice- 
cone recon (40) reveals that air temperature 
‘noting over Antarctica and a decrease in atmo- 
spheric CO also occurred at this tine. This 
jebservation suggests that the decrease in EEA, 
SST, a indicated by My/Ca, might relate to a 
‘oad sca tropical cooling in response Wo green 
howe gas changes in the atmosphere. Major 
tlociabinienlacial SST transitions in the EEA. 
and elsewhere in the topics (4/43) are par 
alleled by lange changes in greenbwose gases as 
recorded in Anturcticn ice cores (40). Radiative 
foncing associated with the increase in greenhouse 
gases during the glociakintenglacal transition has 
boa estimated to give rset an increase of 2°10 
3°C in tropical SST (44) and ~4° 10 6°C in ait 
temperature over Antarctica (40), If hi estimate 
is correct, the FEA SST increase at temination 1 
and Il was lamsely a consequenar of radiative 
forcing corresponding to greenhouse gas 
caases. The abrupt increase of atmospheric meth> 
ae assented with the imensifed plebal monsoon 
(Fig. 5) would have also enhanced gxcenhouse 
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forcing, thereby acting as wopical fedback. 
‘Thus, EEA SST was mainly controlled by radis- 
tive foeing cornsponding 10 the variation of at- 
mospheric greenhouse gases (40) and orbital 
fying (provessony;submllenil ice-sheet inst 
Dilics in the north high kniudes did not save 
a stong imprint in the thermal evolution of the 
‘oper-ocean topical Alani, as has been previous 
ly obverved in the Pacific (15). This strongly sup- 
pos the general observation that dermal chang 
inthe topics primarily reflect greenhouse forcing 
and, toa keser extent, orbital insolation changes. 
WA monsoon in the context of the global 
monsoon system. The results of this study 
jnstrate the interplay and inportnce of 
several factors and forcings that govem the WA 
monsoon system at different time seales and 
oundary conditions, The rok: of ow-latinde 
solar insolation and topical SST in 
modulating the WA monsoon system is clearly 
‘evident, but millsnniab-seale extratropical inflae 
‘noes can override tropical foreing. The major 
nerease of doglacial WA monsoon precipitation 
‘coincides, within aye mod uncertainty, wit the 
intensitcation of the EA monsoon (27, 46) and 
rapid inerease of atmospheric methane (40, 47. 
ses that, during de- 
‘placiaton, the WA and EA monsoons acted in 
ssynehony and supports the notion that the abrupe 
c methine increase associated with 
ty have is source in m- 
soon areas (46, 48) (Fix. 5), However, the WA 
and EA monsoons responded differently 10 
millenniabscle extratropical influence during 
the penultimate interglacia: The WA monsoon 
‘weak during GIS events, while the EA 
oon lanycly followed insolation forcing 
(27) In contrast, during fate MIS3 and MIS2, 
the WA monsoon did not vary stony, wie the 
EA monsoon varied in concert with GIS events, 
LLang-ocean configuration and glaciakintenlacial 
‘boundary corxliions appear to exert constraints on 
how individual monsoon systems respond 10 
millennialseale northern high-latitude climate 
nstabilities, 
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Legumes Symbioses: Absence of Nod 
Genes in Photosynthetic Bradyrhizobia 


Eric Gi 


ud,'*t Lionel Moulin, David Vallenet* Valérie Barbe,” Eddie Cytryn,* 
Jean-Christophe Avarre,” Marianne Jaubert,’ Damien Simon,” Fabienne Cartieaux,” Yves Prin, 


Gilles Bena," Laure Hannibal. Joel Fardoux.* Mila Kojadinovic,” Laurie Vuille, Aurélie Lajs,? 
Stéphane Cruvelles Zoe Rowy,? Sophie Mangenot,’ Béatrice Segurens,? Carole Dossat,? 
William L Franck* Woo-Suk Chang Elizabeth Saunders,” David Bruce,” Paul Richardson,* 


Philippe Normand,” Bernard Dreylus,* David Pignol,* Gary Stacey,* David Emeric 


‘André Verméglio, Claudine Médigue,? Michael Sadowsky**t 


Lequminous plants (such as peas and soybeans) and rhizobial soil bacteria are symbic 


partners that communicate through molecular signaling pathways, resuiting in the formation 
‘of nodules on legume roots and occasionally stems that house nitrogen-fixing bacteria. Nodule 
formation has been assumed to be exclusively initiated by the binding of bacterial, host-specitic 
tipochito-oligosaccharidic Nod factors, encoded by the nodABC genes, to kinase-like receptors of 
the plant. Here we show by complete genome sequencing of two symbiotic, photosynthetic, 
Bradyrhizobium strains, BTAIL and ORS278, that canonical nodABC genes and typical lipochito- 
‘oligosaccharidic Nod factors are not required for symbiosis in some legumes. Mutational analyses 
indicated that these unique rhizobia use an alternative pathway to initiate symbioses, where a 
purine derivative may play 2 key role in triggering nodule formation. 


cegume plants hive developed symbiotic 
aswcitions with specific soll bacteria, col 
estively refered to as the rhizobia, which 
allow plans to thrive and repre in nirozen- 
poor environmeras. These plan-hacteril syanbi- 


‘otic associations typically result inthe formation 
fof root organs, termed nodules, in which the 
‘acter differentiate int nitrogen-fixing bac 
ids. Initiation of nodule development involves 
molecular recognition between beth symbiotic 
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partners (/-4). Flavonoid molecules exuded by 
‘plant roots induce expression of bacterial node 
lation (nox!) genes leading to the synthesis of 
Nod! factors, thizobial lipochito-oligesarcharide 
signal molecules. Synthesis of the Nod-factor 
chitin oligomer backbone requires the activity of 
thee specific enzymes, encoded by the nod ABC 
‘genes, Which are present in all rhizobia charac- 
terized thus far; Nod factor signal molecules are 
recognized by plant kinases of the LysM-RLKS. 
family, which, in tm, initiate « developmental 
program in the legume host resulting in the for 
mation of the nodule structure. The ubiquitous 
presence of nox! genes and Now fictors in all 
Thizobia ted to the development of a universal 
“Hock=and-key” hypothesis (5, 4), which states 
that all symbiotic legumes and shizobia have 
host nxlulaion determinants and homologs of 
the known nodulation genes, respectively 

The shizobia belong 10 the alpha and beta 
subelasses of the Proteobacteria (7), axl most 
species belong to the genera Mizahiun, Bra 
‘hizobiun, Mesorhizobium, Sinorzobium, aoa 
dcorhicohiun, Among. them, soxne photosy> 
thetic Brudyrhiznbium sp. stains. specifically 
rnduoe nodules on beth the oot and stom ofthe 
aquatic Iegume deschynamene (8). According 
to their host specificity within diferent species 
of dewhynomene, to groups of photosynth 
ic Bradyrhizobium have been deseribed (8) 
‘Group I strains contain the common nodulation 
inenes aC and form nods on all stem 
nodulating Aexehnnomene species (9), whereas 
rodulation ability in group IT strains is restricts 
to a few species, including A, sensitiv and 
A. indica, The nod genes have not been detected 
in group tt strains 
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To unraal the genetic fetus contibuing to 
the symbiotic popes of the stem-oodalating 
Brabirhisoion, we dcerminas the comple: 
nomi sequeness of wo group Il phstosysbetc 
Bradyrhicobion strains, BTAil and ORS27S 
(U0). We ako perform 2 genome-wide ser 
fo mutants unable to induce nodules on desc = 
nomen plans 

General genome features. The photo- 
symtic Bradhfecohaum stains ORS27S and 
BAI} wor solatad from stan noduks of two 
deschynomene specs. A sensitiv and A indica, 
in Afica and Nonh America, espoctively. The 
‘ORS27R and BTAIl stains were sequenced by 
Genoscope (France)and the U.S. Deparment of 
Energy (DOE) Joint Genome Intute (USA), 
respsstively (sce SOM). Manual annotation of 
both genomes was conducted using MaGe 
comparative genomic software ()- 

The ORS27S genome consists of a single, 
iular, chromosome of 7,486,587 base pairs 
(opr: the BTA gcoome contains both a large 
chromosome of 5.264689 bp and asingk. cea 
Jax, 28826. plasmid pBTAII, Chromencanes 
fioen ORS27S and BTAII ave almost identical in 
GC content, 65.5 and 64% respatively. In 
conta, the GC content of pend TAIT is 
(0.7%. The geonwnes of ORS2IS andl BTA 
contin 6782 and 7729 predicts! coding 
«quences (CDSs), respectively, of which $9 and 
60.1% could be assigned putative functions 
(able 1. 

Comparative genomic analyses. BLAST 
analyses indicate that the genomes of BTAII 
and ORS278 share more genes with B. 
Zponicum (4002) than with tie clases photo- 
siete neighbor, Riakapscudomonas pass 
(2563)(12)-Thisagaces wit phylogenies created 
tusing 165 rbosomal RNA sequences (3). 

esscomparison of the two photasynthstc 
Bradyrhicabion genomes icniied a como 
pool of 1343 ganss, whereas 1274 and 2133 gens 
were unique to ORSZ7S and BTAIL, regestively, 
Most of the 1343 genes in common were xn 
gnously disibuted on the wonones (Fiz. 1), 


except for genes involved in_ photosynthesis, 
‘which wore cluster in a S0-Kb region. This 
tegion, designated the photosynthesis gene 
cluser (PGC), is common in purple phtosyn- 
thetic bacteria The ensnization of the PGC is 
idconical inthe BTA and ORS27S stains ad is 
highly conserved with the PGC in pls. In 
addition, the GC cantent (67%) of the Brau 
rhicobium PGCs is similar w the rot of the 
genomes, Bradhrhizobinn stains BTAI and 
‘ORS27K abo have adktional sencs specialized 
in ht peregtion and response including tree 
putative haccriophytohomes (biliprotein pho 
toreceptors) and two AaiBC circadian clock 
‘operons Taken together, these data strengthen 
previous hypotheses that photesyntheticcapae- 
ity isan ancestral trait in these Bradirhizobium 

rains that was subsequcmly lost inmost 
thizobial ineages (14) 

‘The lage variation in genome sizes (1.6 Mb 
‘perwsen ORS27S and japonicum, and 1 Mb 
‘between ORS27S and BAIL), the overall low 
level of synteny (Fig. 2 and fig SI), and the 
presence of numerous mobile. genetic 
ments indicate that bradyshizobial 
are highly plastic. Indeed, the genomes of 
‘ORS27S and BTA contain 21 and 29 pa 

© horizontally acquired genomic. islands 
(IAI), respectively, displaying hallmarks of 
recent gone transfer events (Fig. 1 and tables 
SI and $2), HAIs may confer fa 
Yamlages in the adaptation of the 
to theie symbiotic or freelvis 


ecological 
niches. Genes encode for important metabolic 
functions on HAs, in both strains, including 


the following: (i) a ribulose 1,S-bisphosphate 
carboxylase (RuBisCo}, (i) enzymes involved 
in nitrogen metabolism, including unease: (ii), 
Tipopolysaecharide (LPS)-modification en- 
zymes (iv) a type Ml scortion system; (V) 3 
‘chemotaxis operon: and (vi) a multidrug ef 
pump In adkition, the BTAIL genome contains 
2 specialized MAL that is: made-up of all the 
genes necessary for COs fixation, along with a 
Inydrogenase ene cluster. Remarkably, this 


Table 1. General features of Bradyrhizobium genomes. The distribution of CDSs for 8. japonicum is 
derived from the original annotation (29). 1S, insertion sequence, 


aisle Bradyrhizobium sp. 8. japonicum 
= onsz78 rat USDA 120 
‘Genome size (op) 7456587 por 9,105,828 
+C content (90) 655 649 64a 
Ribosomal RNA operons 2 2 1 
Transfer RNAS so 52 so 
Teal protein-coding genes 4752 179 8317 
Assigned function (4) 39 603 523 
Conserved hypothetical (4) 277 318 301 
Hypothetical) 133 Ba 176 
Ceding DNA () 905 910 913 
Plasmid no. (sie in bp) ° 1 (228,826) ° 
1S elements (6) os 14 2 
seudogenes (%) 03 06 0 
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2. Circular representation ofthe Bradyrhizobium strains ORS278 and 
BTAit chromosomes. Circles, from the inside out, show (1) GC skew (GC 
‘G-C using a 1b sliding window), (2) 15 elements and transposases, (3) 
the coordinates in tb beginning at 0 = or, and (4) GC deviation (mean 
‘GC content in a 1-kb window—overall mean GO). Regions with a GC 
‘deviation less than two times the standard deviation are highlighted in 
red. Cicles 5 and 6 show the gene content comparison between the 
‘ORS278, BTANA, and B, japonicum USDAILO genomes by using a similarity 


thizobial chromosomes. 
This tine plot 12) was 
‘obtained by using synteny 
results between Brady 
shiobium sp. BTANL and 


from comparison of Brac 
shiobum sp. ORS27B and 


‘containing a minimum of 
five homologous genes are 
‘drawn in green for clinear 
regions, and in ved for 
Iieted regions. 


“is me ay 

threshold of 40% identity and a ratio of 0.8 ofthe Length ofthe smallest 
protein: blue, backbone genes found in all thee strains: red, genes 
present in ORS278. and BIAIL, but absent from USDALIO; cyan in 
{(0RS278) show genes present in ORS278 and USDALLO, but not in BTA, 
and in (BTAID), genes present in BTAIL and USDA11O, but not in ORS278; 
‘green, genes specific to each stain. The different genomic islands 
‘identified in both chromosomes ae highlighted by number, See tables $1 
and $2. 


segion wats acquired by lateral transfer. This isin 
contrast to all thizobial genomes characterized 
to date (/5-21), which hve nodlation and 
nitogen fixation genes clustered either on pase 
‘mids or in large chromosomal symbiotic iss 
lands, for example, as observed in 8. japonicum 
USDAI10 (soe fig. $2) 

Lack of canonical nodulation genes. 
BLAST analyses indicate that neither the BTA 
tor the ORS278 genome contain homologs of 
NodA (acyl transferie) oF Nod (oligomeriza- 
tion of Nacetybglucosimine), two ofthe three 
csuzymes essential forthe symihesis of lpoxhitos 
sigosacctaridie Nod factors in rhizobia. Athough 
a homologous yene in bath strains displayed 
‘moderate level of amino acid identity (33 10 
36%) to NodB fiom Rhizobium walewuc, this 
homology was limited only 10 the polysaccha- 
ride deacetylase domain of NodB (Table 2), a 
motif found in other enzymes, including chitin 
ddescetylases andl endoxylanases. The low ide 
ty that these CDSs hive to NodB and the ab- 
sence of mad and noxlC gene homologs indicate 
that the canonical noxf4BC genes are absent in 


strain harbors thie RUBISCOS which assimi- 
late COs, and three uptake hydrogenase com 
plexes oe of which is plasmi-bome; the or 
two are in an HAL and else wo the PGC. The 
presence of thee claments sumasts Uae these 
bacteria hve an exception ability 10 fie COs 
partly duc to reducing power fismished by the 
phonetic aciviy and parly by the uptake 


Inydmgenase enzyines, which potentially scan 
cenge hyekogen prodicad during niteagcn fixation. 

‘No symbiotic genes nad, nif, or fis) were 
four on islands inthe chromosomes of ORSI7S, 
and BTAil or on plasmid pBTAII (lables SI 
and S2) Although the nif and fix genes are 
clustered in a 45-Kb region of the BTA! and 
ORS27S genomes, there is no evidence that this 


both the BTAIL and ORS278 genomes. CDSs 
displaying some similarity 10 other Nod peo- 
sins are present in the genomes of both BTAGI 
and ORS27X (Table 2); however, these homo- 
Jogs are well conserved in other nansymbiotic 
prokaryotes 

‘Consistent with genomic information re- 
‘sealed by our analyses, 10 other observations 
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support our statement that ORS27S and BTAIL 
ae unique among thizobia. First, infection of 
A. sensitiva by ORS27S (fig. $3) revealed the 
absence of Nod factor-madiated moot-hair de- 
formation that classically prevedes the entry of 
thizobia into legumes. Despite this, the nodules 
induced by ORS278 (/4) on the stems and 
roots of Aesclhynomene displayed the function 
al characteristics of classical nodules induced 
by other rhizobia, such as the synthesis of ex- 
hemoglobin, nitrogenase activity, and transfer 
‘of fixed No into the plant. Second, the prod 
tion of classical Nod factor-like expounds by 
strain ORS278 could not be shown when 
genistein was wad as a nadgene inducer and 
With a Nod fictor folation method currently 
shown to work with brady hizbia To 
show more definitively. that classical Not 
factors ane not involved in the A sensi 
‘symbiosis, we examined the nodulation pheno 
type of a xl mutant of the broader host-range: 
Bradyrhizobium sp. strain ORS28S (group 1, 
This strain modulates bo A. sensi and 
‘afraspera, whereas. the ORS27S and BTAIL 
stains do not nodulate A, afruypera, As shown 
in Fig. 3, this mutant failed to induce root and 
stem nodules on A. afuyper all 
ned its ability 10 fom nitogen-tixing 
sensitive with 
ey similar 1 that of the wikltype 
stein, These observations and results demon- 
strate that the canonical common nedulsion 
‘genes and, thus typical ipochito-oligosacchariic 
Nod factors are not xu for the symbiotic 
incraction of the photoxynitictic brady rhizobia 
With A. sensitiv 
The absence of nodABC genes in Brudsrhi- 
oblum steains ORS27S al BTA raises the 
‘question of the nature of the bacterial signal 
used to induce nodule formation on A. ine 
and A. sensiriva plants, Analysis of the ORS278 
and BTAit genomes revealed several other genes 


e 


Table 2. Coding sequences in the ORS278 and BTAiL genomes showing 
similarities with known nodulation (Nod) proteins. Absent refers to 90 hits 
‘with 230% amino acid identity using the BLAST algorithm. Brado and BBTa 
reler to Bradyrhizobium sp strains ORS278 and BTAIL, respectively, CDS with 


involved in plant-microbe symbiodc and patho- 
‘genic interactions (table $3). These include 
‘genes involved in the folowing: (i) synthesis or 
“degradation of phytohonmones (241, (i) modii- 
cation of O-antigen (or LPS) (25, 26), and (ii) 
binsymthess of evopolysoecharides (5, 27) Never 
theless the symbiotic mole of thee candidate 
‘genes remains highly speculative, and we cannot 
‘uke out the possibility that the mechanism of in- 
‘eraction involves genss of unknown function 

Nodulation defective mutants. In onder 1 
identify new genes involved in the interaction 
Ietwoen the group IT photosynthstic brady. 
rhizobia and A. sensitiv and A, indi plants, 
a library of ORS27S transposon (Tn) mutants 
‘was sersened for strains unable 1 induce nodule 
fermion on AL sensinu. OF the 980) mutants 
tested, 27 were found wo be severely defective in 
symbvosis most eliciting only a few prewlonod- 
‘ues on a sal numberof plants (Table 3). Some 
plants displayed an apparent nodulation-minws 
phenotype, and microscopic examination often 
revealed a small number of pscudonodules. No 
completely nodulation-<deficent mutant could 
‘be found: we tentatively attribute this phenotype 
10 one oF more factors (2) there are redundant 
‘Benes controlling this initial step in the syrbi- 
‘oie process: (it) the appropriate mutation may 
be fatal in this bacterium: o (i) the mutage 
ens procedure used was not saturating, and an 
‘essential gene may have been missed, 

The site of TaS insertion in each of the 27 
symbiosisdeficient mutants was determined, 
and none were found! 1o hive a masttion ina 
‘CDS that cou! mimic the action of the NodABC 
proteins. Four clawes of mutants were distin. 
‘guished Class comprised 11 independent ami- 
‘bo ackd requiring (AA) auvowophic mutants, 
Numerous AA auxotrophs of shizobia were 
four! to be defective in symbionts (28-37), and 
‘generally these have symbiotic capacity rescued 
with the addition of the missing amino ack), 


This suggests that the absence of symbiosis, 
sims from a growth deficiency, rather than an 
alisration in the infoction process (30, 32), The 
Single class If mutant had an insertion in gin, 
uid ransferase uridybremoving enzyme consti- 
tating the sensory component of the nitrogen 
‘regulation (ott) system, similar w a Rhévbiton 
leguminosarian ginD ‘rmutant impaired in cell 


(IT 


Ni ORS278 ORS2A5 —2854nod 


UIT 


Fig. 3. Efcency of stem nodulation by Brodkrhi 
obi sp. stains ORSZ78, ORS2B5, and the nod 
‘gene deletion mutant ORS285AsnodB (285.\n0d) on 
‘A ofrospera (A) and A. sensitiva(B), The NI refers 
to the noninoculated contol. The ORS285.AnodB 
‘mutant was obtained by homologous recombina- 
tion as described (14) after insertion of the facZ= 
Kank cassette (pKOKS) inthe unique Xho I site of, 
rodB. Plants were inoculated and cutvated as, 
described (14), 


best BLASTP hits. Percent amino acid similarity to named species of the 
BLASTP hit. Accno., GenBank accession numbers ofthe Nod protein. value 
‘of the BLASTP hit. Abbreviations R., Rhizobium sp.; Mt, Mesorhizobium sp.; 
A. leg., Rhizobium leguminesarum bv. viioe; and B., Bradyrhizobium sp. 


a Bradyrhizobium sp. strains 
at ‘0ns278 Brain 

cos Similarity (6) Acc.no. Evalue cos Similarity (ed Ace no. _E value 
Noda ‘Rbsent ‘Absent 
NodB Brados564 33% to. golegae 50354 eo —B1a4792—— 364 tO golegae 50354 2 
Nodc Absent Absent 
NodD Brado3695 «39% 10 R. 983061 ae“ Bai932 3B LOR. Qs30e1 ae 
Node Absent 88120068 31% to R leg. Posse “ 
Noss Brado3311 66% to-At P7232 4e* 81238186584 to at, 72332 es 
Nod Brado0S17 «39% OR. tropici. 9330 Se? BBLATESE 39H TOR tropki © Q93BCD. ae 
Nod] Absent Absent 
Nod. Brado2093 «42% to R leg. P8632 2e Absent 
Noa Brado3763 78% 108. Q2ag10 e777 Bas 68h to vagi0 ae 
Nod? BradoS192 «75% toB. elkonii ©—=BABSSB9S =e? = —BBLAOIZB 73% TOR, P7338 et 
Nod BradoS193_——_—66% toB elkonii_—BABSSE9— Se BB03ZT_—55% OR 007309 et? 
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Viability (33), Similarly, class IL contained a 
singhe mutant with an insertion in a key enzyme 
{(PyrF, orotdine SYphosphate decarboxylase) of 
the pyrimidine biosynthesis pathway. 

In contrast, class 1V contained 14 mutants 
th were acta in the biosyahesis of purines, 
“The mutated genes (10) were seated through 
‘out the ORS27% genome, which indicated that 
there was no Th integration hotspot and that 
pines play a pivotal roe inthe symbiotic pro 
‘cess. Syinbiotically detective purine ausotraphs 
‘of several Rhizobium species have been previous: 
ly reported (34-36) The intriguing finding that 
purine intermediates, such as Saminoimilazol- 
ecaboxamide riboside (AICAR), rather than 
Druin itself, can pally restore nxt 
dlofcieney in purine mutants of Rhizabio lee 
‘minovarum oF Ref suggest that purine pre= 
‘eunor might act as a signal molscuke ding 
infection (35, 37), 

To funher examine this, a ORS27S purl 
mutant, which only proxivced a few peudonen! 
les, was evaluated for its ability to normally 
roxllate A. sensi in the presence of the pa 
rine biosynthesis. precursors AICAR, inosine 
monophosphate (IMP), and adenosine mono- 
phosphate (AMP) (fig. $4). In the absence of 
prccunwrs, the mutant bacterium proliferated on 
the root surfice, which indicated that the host 


plant can supply the requ uses) for me 
{ant gaowth. In addition, hough cytological 
anabsis showed that pacwonndales shit by 
the pur mutant comsined bundles of infection 
threads progresing intewellurly around the 
imeriematic zone, the hacia Were nol 
leased imo meristematic cells In contast, the 
symbiotic ability of the mutans was partaly 
restored wht the plant culture medium was 
suppksmcnted with AICAR, IMP. or AMP at 0.3 
mM, Tatment of plants with these compounds 
allowed the mutant o proliferate in meristematic 
cll, and plants had noma size nodules. 
‘Similar obsonations were obainal usin 
‘portland purB rota, excep tat the partial 
rescue ofthe part mutant was observed only in 
the presence of IMP and AMP, and the nod 
Iaion phenotype of the pur! mat was ony 
rescued in the presence of AMP. Taken togsthe, 
thse data suggest that a purine derivative, which 
may be a eytokinin-like mokeulc, plays a key 
rolein the formation of nodules on A sensitiv, 
and presumably 4 indica by the phowsynsbetic 
bradyshizabia. This hypothesis i consistent with 
previous observations that () several Bradirhi- 
obium seins were shown wo price cytokinin 
compounds (28, 3% (i) a Now factor deficient 
‘Snorhicobjum stan carrying aconsiave trans 
‘satin serction (Ex) ae involed in eyteinin 


Table 3. Bradyrhizobium sp. strain ORSZ78 mutants affected in symbiosis with Acschymomene 
sensitva. Minitransposon mTAS-GNim (43, containing a gusA reporter gene and the nll gene encoding 
neomycin resistance, was used for the construction of the insertion mutants. After mutagenesis, the 
‘mutants were selected on Y-modifd rich medium (14) containing kanamycin (50 ygmD and nalidixic 
‘acid (35 jig/mD. Each of the 9500 mutants was intially individually tested on one A. senstva plant. 
‘Mutants having an alteration in their nodulation efficiency were retested using three plants per mutant, 
{and subsequently tested again ina third analysis with sx aditional plants. The localization ofthe site of 
‘Ths insertion in symbiotcally deficient mutants was ascertained as previously dexribe (44). Mutant 
number describes the numberof independent mutants identified in the corresponding CDS. Phenotype 
‘shows the number of plants not nodulated (-); number of plants having pseudonodules (PN); and 
‘number of plants having classical nodules (+). 


‘mutant 
cos Gene Function no. Phenotype 
‘Amino acid auxotrophs 
Brado0374 tev Leucine biosynthesis 5 o1PN 
Brado0365 lewd Leucine biosynthesis 2 
Brado3572 hom (met) Homoserne biosynthesis ai 
pro, Protine biosynthesis 1 
te Glutamate biosynthesis 2 
Nitrogen regulation system 
gino Nitrogen regulation system 1 
Pyrimidine oF purine biosynthesis 
aa Pyrimidine biosynthesis ri 
punk Purine biosynthesis a 
urd Purine biosynthesis 2 
Brado2785 purt Purine biosynthesis 3 
Brad03344 port Purine biosynthes’s 1 
rado1206 pure Purine biosynthesis 4 
Brado2a30 pur Purine biosynthesis a 
Brad00338 ‘purl Purine biosynthesis x 
Brad05935, pork Purine biosynthesis 1 
Brado3165, u08 Purine biosynthesis 1 
Brado3317 gmk Purine biosynthesis 1 
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production induced nodule-ike stmctures om 
alfa plas (4), an (ii) a plant eytokinin- 
rexeptior was shown to play a key role in the 
activation of nodule organogenesis. in Lotus 
Japonicus (41, 42). We were unable to identify 
‘homolog to the ey gone in the ORS278 oF 
BTAIL genomes; this suggests that these two 
ssrains may usea different pathway for cytokinin 
‘prociuction. This is kely the case, as B.jponicun 
USDAII0, which produces cytokinin molecules 
(39), also lacks a 2s homolog, 

Dur data show that nodulation of some lew 
umes by rhizobia occurs in the absence of the 
xlABC genes and lipochito-oligosacchuridic 
[Nod factors, which indicates that other signaling 
Srategies cn tigger nodule onganoygenesis in 
some legumes. The nod4BC genes have bosn 
idcotfiod in all the thizobia thas far charac> 
terized, consisting of hundreds of symbiotically 
distinct strains isolated worklwide. This indicates, 
that the ntdulation of kegumes inthe absence of 
canonical nial genes is likely an unusual phe= 
‘nomen. However, such a discovery is highly 
significant and raises several interesting ques> 
tions: Is the first recognition step initiated by 
Nod factor simply bypassed in some legume 
plants, especially those allowing infection via 
‘rack entry? What is the signal molecules) 
directly triggering nodule organogencsis 
Aescinnomen? ty there any relation between 
the mokculir mechanism used by photosyn 
thetic radyrhizobin and other symbiotic ons 
rims, such as Frumkia which induces adulation 
‘on nonleguminous plants? Our discovery sboukd 
‘simulate rescarch on plan-bactria interactions 
by providing insight imo the diversity and 
voltion of symbiotic strates used by be 
partners, 
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Quantum Register Based on 
Individual Electronic and Nuclear 
Spin Qubits in Diamond 


'M. V. Gurudev Dutt,™* L. Childress, * L. Jiang,? €. Togan,” }. Maze,” F. Jelezko,? A. S. Zibrov,?* 


PLR, Hemmer,? M. D. Lukin*t 


‘The key challenge in experimental quantum information science is to identify isolated quantum 
mechanical systems with long coherence times that can be manipulated and coupled together in a 
scalable fashion, We describe the coherent manipulation of an individual electron spin and nearby 
individual nuclear spins to create a controllable quantum register. Using optical and microwave 
radiation to control an electron spin associated with the nitrogen vacancy (NV) color center in 
diamond, we demonstrated robust initialization of electron and nuclear spin quantum bits (qubits) 
and transfer of arbitrary quantum states between them at room temperature. Moreover, nuclear 
spin qubits could be well isolated from the electron spin, even during optical polarization and 
measurement of the electronic state. Finally, coherent interactions between individual nuclear spin 
‘qubits were observed and their excellent coherence properties were demonstrated. These registers 
‘can be used as a basis for scalable, optically coupled quantum information systems. 


uantum registers are controllable quan 
tum systems composed of several qubits, 
“They fom fundamental builing blocks 
for qhantum information science and can be 
connected into useful communication and 
‘computation systems, For example, via quantam 
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‘optical channels (7-9). A. useful register must 
support high-fidelity lca operations ween its 
<qubts as well as permit excellent solation of the 
qubits from cach other and foe the extemal 
‘environment. Over the past few years, quantum 
registers consisting of a few interacting trap 
ions with exceptional cobercace propestics have 
‘boon implemented experimentally (10, 12), and 
the fit steps toward optical interconnections 
have been taken (2, 13) We report on the 
realization of a quantum register in a room- 
\emperature solid by means of controlled 
manipulation of individual electron and nuclear 
spins. 
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h makes use of e 


ur appre ferent manip> 
jon ofthe ektron spin associated with indie 
‘dual nitrogen vacaney (NV) centers in diamond, 
(14-18). The NV center has a long-lived spin 
triplet in its electronic yround state (/4) that ean 
be initialized, manipulated, and measured using 
microwave and optical excitation (Fig, 1A) (1S), 
In pure samples, the election spin acts as a 
sensitive magnetic probe of the local environ- 
‘mat. The electron spin dynamics is govemsd by 
fnneractions with spi-ls MC nucle (present in 
1.1% natural abundance) in the diamond! lattice 
(Fig. 1B), Although such a nuclear spin 
environment normally causes dephasing of 
electron spin qubits (/9, 20), we show that if 
‘properly controlled it also provides a very usefil 
by virtue of 
et hyperfine interaction and enhanced 
moment, canbe distinguished from 
cach orher aod frown the test of the ens eonmcat 
2), allowing us Wo individually address single 
nuclear spins and o use the resulting eletron- 
nuclear coupled systems a few-qubit registers, 
Akhough nuckar spins are well known for 
their long coherence times (22), conventional 
‘cchniques for probing them require the use of 
macroscopic spin ensembles to obiain measur 
able signals (24, 24). Coherent oscillations of 
Single nuclear spin were observedin (25), using a 
thermal suis of a MC nuekar spin that was 
incutscably coupled by strong contact interac 
‘ions with the nearest-neighbor NV electron spin 
In contrast, we damonstrate a high degice of 
polarization (comesporsing to an effective spin 
temperature below 1K) and control over an 
isolated nuclear spin that is coupked nonlocally to 
the loci spin, This results in coherence times 
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that are at ast three ondcrs of magnitude longs, 
and allows indpendent contol over the electron 
and nuclear spin qubits, which is essential for 
sealable applications. 

Individual nuclear spins in the diamond lat- 
tice can be manipulated by combining coro! 


Fig. 1. Isolating, addressing, ij 
and reading ca Sogle cen A 

and nuclear spins in the regis- 
ter. (A) Level diagram for the 
‘coupled spin sytem formed by 
the NV, electron spin and a 
nearby °C nuclear spin. Optical 
‘ransitions ofthe NV center are 
used to polarize and measure 
the electron spin state of the NV. 
(B) Mlustration of the PC 
‘environment near the NV center 
that Is used to create the 
register, (©) A single electron 
Spin ansition 10) to IL) is ad- 
resed with esonant microwaves 
(MW), and hyperfine structure 
associated with the C spin 
states |1), 11) can be resolved 
within this transition () Exper 
imental pulse sequence. As 
described in the text, we create 
land. measure the nuclear spin 
polarization in|) va the elec 
‘von spin. (B Nuclear free pre- 
cession in a -20-G magnetic 
field, Top right inset: By ine 
‘creasing the ruber of pola 
tion steps, a higher contrast fr 
the ute fee precession sig- 
nal is obtained. Four polarization steps 


leo) + 


‘overan NVckctnic spin with a cobereat map- 
pine bemecn ekion and nuckar sin sates 
Consider asystm involving an NV elesron spin 
immracing with a ingle pexinal YC nuckar 
spin Fig. 1©), When te ebocton isin the m= 0 
‘ac, the hyperfine interaction vans. Whe 


REPORTS k 


state, the hyperfine 
itcraction introduces a splinting between the 
‘nuclear spin states 1, |), (1, 1)1;hhence, weean 
selectively flip the electron spin state conuliional 
‘on the nuckarspin. [fwe apply a weak magnetic 
fiold pompendicular wo the nuclear spin quantiza- 


e 


approximately oriented along & — ‘di where 2 is the NV axis. 


Fig. 2. Storage 
and rtieval of elec- 
tion spin coherence 
in a single nuclear 
spin. (A) Experi= 
mental. sequence. 
A single nuclear 
spin is prepared in 
the state IL), after 
which an electron 
spin states created 
by appropriate mi- 
‘roe pubes Ry), 
where 0 is the r= 
tation angleand 9 = 
(0, x2 is the phase 
‘ofthe qubit rotation 
telatve to the tor 
age step. The elec: 
‘ron spin state 
then mapped onto 
the nuclear spin 
and is mapped back after an interval (2N + 2)m. 


spin state is read out by driving election spin nutations with R(0,), 
where O, is varied. (B and C) Observed electron spin nutations after 


storage of different electron spin states, X storage 


The resulting electron 


referstostorage of the measurement. 


B= 20Gnas 
rr a a rT} 
Free precession terval (us) 


were used forthe data shown. Bottom right inset: Observed Larmor frequency as a function of magnetic field, 


‘Readout microwave duration (ys) 


electron spin state (UBIO) = I), ¥ storage is (X/V/2N0) lt), and 
Z storage measures the population storage, (10), IL). The total time is 
3x ~ 2:4 us > Tye between creation of the electron spin state and 
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tion axis the nackar spin recesses atthe Larmor 
frequen when the loco spin int m= 
(stn When the electron spin sin m= the 
Tang hyperfine pitino prevents Lanne p= 
cosion. By sclestvely driving a pube on one 
hypwtine transition 0, 1) = Te 1), and then 
sealing fora time + ~ rin, (denna am, we 
an map a nuclear spin sperpition ont the 
‘lesion spin, () @ a) + BI) —= 1) Beal)» 
130) Fig, 1D). This mapping gate (ap allows 
somplsic contol over the spf, individ 
ruc spins cause of ther unique hyertine 
spliting ara! Lane requis 

“The prot experiments were cael oat 
withthe se of a setup scribe in (22) The 
nuckar spin is polarized by first preparing the 
lect spi state 0) by micas of opal par 

with $32 light 75, 76), mapping the 
ia ncoboren mint’ of cc api ates 
conto the electron spin, and then applying a pulse 
fof S32-am light sulicient to repolrie the 
‘ect spin int 0). Kall this papi scp 
results in the system being prepared in the state 
(0, 4), In practice it can be repeated several times: 
to further increase nuclear spin polarization. After 
variable recession ime, the nucle sin state 
cam be measured by mapping tonto the ht 
‘shih exits tatesekstiveMaoescence. 
The observ const of C~ 7 achievable 
with four pumping steps (Fig. 1E) inxlicates that 
‘ve prepare aa read ut the nick spi ste 
witha over idity = (1 » C2 U0) wate 
than 88% (2). The nbancement ofthe gyno 
inagnetic ratio (YW 2n) = 15.2 kHwG over the 
‘bare YC nuclear spin arises from interactions 
withthe proximaelecton spin, iting a unique 
“chomia hf” (23) forthe specific meri, 
depending on i tlative pose fom the NV 
tomer (27) This isthe key physical mechanism 
allowing for isolation of individual nuclear spin 
_qubits and control of few-<qubit registers, 

Having established a procedure to reliably 
inti andrea indiana pa 
ths estan envionment, ee cated tr 
vil quanta operation with the woot 
ister storage and eval ofan aria nic 


Fig. 3. Probing the isolation of a nuclear spin 
‘qubit under optical ilumination. (A) Experimental 
sequence as explained in text. (B) Decay of 
illuminated ruclear spin free precession. When 
illuminated by approximately half the saturation 
intensity at 532:nm forthe NV optical transition, 
the nuclear spin signal decays on a time scale of 
1.5 + 01s. For comparison, the polarization rate 
for the electron spin (under the same conditions) 
is 140 6 ms, shown by the dashed lines. (C) 
uminated decay rate a5 a function of magnetic 
field, The decay rate does not depend strongly on 
whether we apply green light when the nuclear 
spin is in its polarized state |) (red points) or 
‘na superposition state (1/\/2)(11) + 11))(blve 
points), as illustrated in the inset. The data are 
fitted tothe function (a + bea). 
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qb in sucker quit with high fdiy. Ths 
‘ipraion isprticuly important ight of o> 
rrolpouenk be quam infioaskn pecs 
(6-9) The expsinenel procedure is stata 
Fig. 2A. Afer polarizing the nuclear spin, we 
neta an cbc si sae on oft hase 
1X, = WV 2K0) © Dh Ye UV3KO) = AD 
Zqy ™ (0), 13}. The electron spin was then 
‘sored in the nuclear spin via the inverse mapping 
gate (Map where twas allowed to remain for 
atime N+ Dep before nareval via the gate 
‘Map. We then observe the rsticved soberence 
Ave X or ¥ storage) or population (for Z trays) 
by diving eloton spin nutations and roading 
their contrast relative 10 mutations of a fly 
polarized electron spin. The overall fide ofthe 
memory & F = (1 » (C)y2, where (C) isthe 
average comirat for the six measurements, we 
find F = 75 = 1.3% (26), which exceeds the 
classical limit 27) of Fe =) 
To investigate the Sree of independent con- 
‘wo over the two coupled gubis, we staid the 
nck spin evolution under the optical excita 
tion used to polarize and measure the cet 
spin qubit (Fig. 3). We pecpared a nuclear spin 
sate (1) © )¥V2 o€ (7) by initializing ito 4) 
andl the pin to process fr either m2 or 
L.A pulbe of $32-an1 light was thea appli, 
which could deplase or depolarize the nuclear 
spin sat, resalting in reduced contrast of the 
‘nuckar foe precession signal (Fig. 3A). 
imereased the dation ofthe $32-nm ight pulse, 
We found that the nuckar spin precession signal 
ddscayea much more lly than th eect 
spin. In particular, hardly any nuckar spin de- 
‘Phasing was visible fr light pulses of 140 ns 
(dashed fine in Fig. 38) sulicietto completely 
polarize the ekctron spin. Furhenor, the i 
Tminated nuclear spin dccay depended on the 
‘magnetic field (Fig. 3C), Whereas a few 
scattered photons complicly. decabered the 
ceiton spin. a low magnetic fields the nuclear 
recession was unaffected by a lange number 
(10%) of scatered optical photons. This 
insensitivity i etal for optical scaling (7, 9) 
‘because many optical eyekes may be required 40 


cstablish cotanglement hetwoon the regisrs 
(2,13). 

“The dephasing under optical ihumination 
sown in Fig. 3 can be qualitatively understood 
2 arising from diferent nuclear Larmor preces~ 
Son rates in the ground and optically excited 
sfoctwnic states The nuckar gyromagestic ratio 
is strigh,enbanoad by hypertine interactions 
with the electron spin, which depends on the 
cdectron spatial distribution (27), Excited ekcton 
bal states can thus lead to diferent clear 
ytomagnetic ratios. Under optical illuminati 
the system makes tamsitions between orbital 
states withlifeent nuclear spin procession rats. 
To state the reaing meer spin dephasing, 
we suppose that optical excitation induces tans= 
tions at aate Wty mach fas han the dference 
fof the st-dcpondent nuclear spi precession 
ffequencics bo. Af each transition, the nuclear 
spin picks up a small random phase 9 ~ dr, 
‘ariatons in this randomn phase give nse to de> 
phasing at ae ~ Boch sma than the 
illuminated electron spin dephasing rate ~ V5, 
Because bis propotional tothe magnetic fick 
far states with m= 0, may be possible 10 
almost completely decoupk electron and nuclear 
spins by switching the magnetic Feld 10 40 
ring fre evolution, 

Finally ws explo the coerce proper 
cof the nuclear spin quantum memory. In eontrast 
to the elceton spi which dephases on a time 
seal T* ~ 1 jsf this NV cen, the nuclear 
spin five precession signal persed out 10 ~0.5 ms 
(Tt = 49S © 30 ps in Fig 4). Characteristic 
calla and revivals inthe data comesport 10 
bere inkractony betwoon indus mickar 
spins. The nck spins ca be decouple usin & 
hte eto (or spit-ccho) sequsnce (25), which 
sons of (22 )et R842 Where (RF 
resents a pulse that flips the nuclear spin, and 
‘cand ¥ are durations of ce evolution (Fig. 4C), 
‘We acoomplished the nuckar rpube by eveiting 
the syst ino the m= Trai, where the 
{age hyper sping rail intxdes a phase 
tween the mocks spin states. Viewed in the 
conhogonal my = 0 eigen, his constiutes the 
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‘population nutations requined to effect pulse 
(26). Asshown in Fig 4, te spin echo sequence 
‘extended the coherence time far beyond the values 
‘obtained fiom fice evolution Specifically, we 
‘observed no evidence of echo devay on the time 
scales accessible in our present experiments, 
limited by long averaging times, which sug- 
_gests that 7; of our nuclear spin qubit is well 
above 20 ms, 

‘These results can be understood by consid 
<ering the interactions between the observed PC 
nuclear spin (1) with other "'C nuclear spins by 
Let us first consider only one nearby spin fy: The 
Hamiltonian in the secular appeoximation is 
given by Hm othe * onthe © Bho where 
‘7 are the Lamnor frequencies ofthe 10 spins, 
and fb is the effective dipole-dipole coupling 
between nuclei (26). As a result of the different 
Lamior frequencies caused by the different 
interactions with the NV electronic spin, these 
nuclear spins are not involved in flip-flop 
pprovesses with each other or with the rest of the 
‘nuckear spin environment. Thus, the nuclear in 
teraction only results in enengy shifts =f of fy 
that depend on the state of Tp, leading Wo the 


observed cobcrent modulation in the fee 
precession (Fig. 4A) for B2r ~ 7.2 Kitz. 
Interactions with the next nearest spin fy sill 
similarly rowlt in fe precession collapse (and 
sevival) oma longer time scale ct, (fig. SU). This 
theorctical model predicts that the nuclear 
interactions intrwduce only staic energy sbifis 
that are easily refocused by the spin-ccho se- 
quence. The resulting nuclear spin coherence is 
ageatly enhanced relative 49 the eketron spin 
(2), consistent with the much weaker interac- 
tions of fy with the surounding environment 
Funher confimation of the theoretical model 
comes from the observed depantence of the 
‘coherent coupling (modulation) rate on the 
forictation of the magnetic ficld (Fig. 4B), 
‘which ilastrates the anisotropic character ofthe 
clectron-madisied nuclear dipok-dipok: inter- 
action 124). 

These observations indicate that contolked 
‘manipulation of a few coupled nuckar spin 
qubits is posible in a roorn-temperature solide 
sae system, with coherence times that can ap 
‘preach seconds when advanced nuclear magnetic 
resonance techniques ae used (23), In addition 16 
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the direct coupling between the muckear spins dem 
‘onstrated here the number of distinct controllable 
‘nuclear spins in the register can be increase by 
selecting NV centers with a few proximal °C 
spins (21), or by creating NV centers through 
ccomirolled implantation of =! "'N ions (28), 
Such registers provide a starting point for a 
‘alization of a quantum network in which quits 
‘ain be encoded and manipulated in nuclear spins 
‘ia magnetic resonance techniques (23), whereas 
Jong-range entangkament between electron spins 
at arbitrary locations can be created optically, 
(6-9, 29) with techniques. now explored for 
ators and ions (/2, 13). Recently, the raiatively| 
twroadened fines and spin-dependemt optical 
transitions required for realization of these 
techniques were demonstrated in diamond 
(30, 31), Few-quibit registers can provide power: 
fil tools for sealable quantum information sys= 
fem even in the presence of realistic noise and 
losses that affect the fong-range entanglement 
(6.7.9) Beyond specific applications in quantum 
information seience, our measurements show 
thatthe ekvetron spin can be used as a sensitive 
Jocal magnetic probe that allows fora remarks 


Fig. 4, Coherent dynamics of A, 
‘coupled nuclear spin-qubts. (A) 
Longtime precession signal of a 2 
‘single mucear spin in & magnetic 
field of 11 6. The data were fit- 

ted to the function a+ b coslons) 
cos(fi/2) expl—(uTay'V"], where 

‘oy ~ 2n(172) kHe is the Larmor 
Frequency, [}~ 2147.2) kHe is the 


‘strength of the interaction withthe 
nearby proximal nucleus, and Tay" 


{ste dephasing time. (B) Dependence of the modula- 
tion frequency (blue points) on the azimuthal angle of 
the magetc el. The arrow denotes the angle at whch 
the data in (were taken The id fine ia foe data 
(26). (© Experimental sequence for nuclear spin echo 
(26). (D) Main plot: Echo signal at c= x when ris 
varied. Right inset: Echo data (+’ varied) for + = 300 jus 
(ole point) showing that the echo succeeds in restoring 
the coherence even though the free precession signal 
(ed poins) has vanished. The echo peak is iverted 
because we inially aply a (272), pute Ll inset 
Long-time echo signal, demonstrating that Ty > 20 ms. 
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Functional Quantum Nodes for 
Entanglement Distribution over 
Scalable Quantum Networks 


Chin-Wen Chou, Julien Laurat, Hui Deng, Kyung Soo Choi, Hugues de 


Daniel Felinto,t H. Jeff Kimble 


‘We demonstrated entanglement distribution between two remote quantum nodes located 3 meters 
apart. This distribution involves the asynchronous preparation of two pais of atomic memories 
and the coherent mapping of stored atomic states into light fields in an effective state of near 
‘maximum polarization entanglement. Entanglement is verified by way of the measured violation 
‘of a Bell inequality, and it can be used for communication protocols such as quantum 
‘cryptography. The demonstrated quantum nodes and channels can be used as segments of a 
‘quantum repeater, providing an essential toot for robust long-distance quantum communication. 


bution of entanglement over quaniam eet 

works isa critical requirement for metrology 
(2). quantum competaion ¢3, 4), and commie 
tion (2, 5}, Quantum networks are composed of 
quan nodes for processing and storing quan- 
fu ses, and quantum channels that fink the 
nodes, Substantial advances have bm ace with 
dlivene systems toward the realization of such net- 
works. including ions (6), sg trapped atoes in 
foe space (7,8) and in cavitics (9), and atomic en- 
semble inthe regime of eoninuous vais (70. 

‘An approach of particular importance has 
‘been the seminal work of Duan, Lukin, Circ, 
sand Zoller (DLCZ) for the realization of qua 
tum networks hased on entangkment between 


I: quantum information science (1), dist 
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single photons and collective excitations in 
atomic ensembles (). Critical experimental 
‘capablies have been achieved, beginning with 
the generation of nonclassical fick’s (12, 13) 
with controlled waveforms (14) andl extending 
1 the cwcation and retieval of single collective 
excitations (/5-17) with high efficiency (8. 19) 
Herakied entanglement with quantum memory, 
Which is the comerstone of networks with 
efficient scaling, was achieved between two 
‘ensembles (20), More recently, conditional con- 
‘nol of the quantum sts of a single ensemble 
(21-23) and of to distant ensembles (24) has 
also been implemented: the quantum states are 
likewise required forthe scalability of quantum 
networks based on probabilistic protocol 

(Our goal ist develop the physical resources 
that emble quantum repeaters (5), thereby 
allowing entanglement-based quantum commy- 
nication tasks over quantum networks on dis- 
tance scales much Langer than those set hy the 
attenuation length of optical fibers, inching 
quantum eryptozrapty (25). For this purpose, 
hrerakied umber-state entanglement (20) be 
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tween two remote atomic ensembles is nok dis 
rectly applicable. Instead, DLCZ. proposed the 
‘ue of pairs of ensembles (UD) a each quan= 
tum node , with the sets of ensembles {U)}s1D.) 
separately finked in parallel chains across the 
nctwork (12). Relative wo the state of the art in our 
previous work (20), the DLCZ. protocol requires 
the capability forthe independent control of pais 
‘of entanghat ensembles between two nodes 

In our experiment, we created, adlressal, 
and controlled puis of atomic ensembles at each 
‘of two quantum nodes, thereby demonstrating 
cmanglement distribution in a form suitable 
‘ort for quantum network architectures and for 
cenanglement-based munication 
schemes (26). Spectically, two pairs of remote 
ensembles at two nodes were each prepared in 
an entangled state (20), in a Herald ane ayn 
chronous. fashion (24), thanks tothe consitonal 
control ofthe quantum memoris. Aer signal 
fnxicating tha the 860 chains are prepara in the 
desired state, the staes of the ensembles were 
coherently transfered to propagating fields 
locally at the two nodes. The fiekls were ar 
ranged such that they eflectively contained two 
‘photons, one at each node, whose polatizations 
‘were entangled. The entaigement between the 
‘wo nodes was verified by the violation ofa Bell 
incquality, The effective polarizaion-antangled 
state, created with favorable sealing beluvior, 
‘was thershy compatible with entanglement-hassd 
quantum communication protocols (12). 

‘The architecture for our experiment is 
shown in Fig, 1. Each quantum node, £ (eft) 
and A (right), consists of two atomic ensem= 
bles, U (up) and D (down), oF four ensembles, 
ahogether, namely (LU, LD) and (RU, RD), 
respectively. We first prepared each pat ian 
entangled state, in which ane excitation is 
shared coherently, by using a pair of coherent 
‘weak write pulses to induce spontaneous Raman 
transitions ig je) ) (bottom left, Fig. 1). 
The Raman fields (gx) from (LU, RU) were 


eS. 


ens _ 


‘combined atthe $0-50 beamsplitir BS. and the 
resulting fields were dirvcted wo single-photon 
dotectors. A photoclectic detection event in 
cither detector indicated thatthe 1Wo ensembles 
were prepared, The remote pair of D ensembles, 
(LD, RD), was prepared in an analogous fashion, 
Conditioned upon the preparation of both 
‘ensemble pairs (LU, LD) and (RU, RD), a set 
‘of read pulses was triggered to map the stored 
‘atomic excitations into propagating Stokes 
fields in welldetined spatial modes through 
s)—> (e)—+ i) with the use of a collective en- 
hancement (17) (bottom left. Fig. 1). This 
generated a set of four fields denoted by 
Crv2av) for ensembles (LU, RU) and by 
un 2ao) for ensembles (LD, RD). In the 
ideal case and neylecting higher-order terms, 
apping results in a quantum state for 

Field 2 fickls given by 


i 


Sunde 


$y ae ODay Owe 


© (0 rrpl12—0 + (Nara) (1) 


Here, J) the photon state for mode, where 
¥© (ue2mv2un2eot. and sy and nu are the 


relative phases resulting fiom the writing and 
reading processes for the U and D pair of ex 
sembles, spectively (27) The = signs forthe 
Ccongitional states UD result from the unitarity 
fof the transformation by the beamsplitters 
(BSp, BSp). The extension of Eq. 1 to incor- 
porate various nonidealities is given in the 
suppecting ooline material (SOM) text 

‘Apart from an overall phase, the state 

‘ean be rewritten as follows: 


otis 


Oe! sn Oe a 
MNO He OP 


where |wue)a, denotes If only 
coincidences betwoen both noes LJ are regis- 
‘tered, the fst two terms (Le, with edo 
‘not contribute, Hence, as noted by DLCZ, 
‘excluding such cases ads to an effective density 
rmattix equivalent 10 the one for a maximally 
‘entangled state of the form of the last tert in 
Eg, 2 Notably, the absolute phases ny ana! ny do 
‘not neato be independently stabilize. Only the 
relative phase No na must be hep constant, 


haere 


Fig 2. Setup for distributing entanglement between two quantum nodes (A) separated by 3 m. The inset 
atthe bottom lft shows the relevant atomic levels forthe 6S,a~ 6Pyq vansition in atomic cesium, 2s well as 


‘the associated light fields. The ensembles ave intially 


prepared in i). Weak write pulses then induce 


Spontaneous Raman transition ig) F = 4)—le) (F* = 4) s)(F = 3, resting in the emission ofant-Stokes 
fields Feld 1) near the le) transition along with the storage of collective excitations in the form of spin- 
Mis shared among the atoms (2) With this setup, a photodetection event at ether detector Ds, o Das 
indicates entanglement between te collective excitation n LU and RU, anda photo-detection even at either 
detector Die oF Dus indicates entanglement between the colectve excitation in LD and RD 20). Two 
‘orthogonal polarizations in one fiber beamsplitter implement BSy and BS. yeiding excellent relative path 
stability, A heralding detection event triggers the contol logk to gate off the light pulses gong tothe 
«corresponding ensemble pair U or ) by controling the intensity modulators (LM. Te atomic state thus 
‘stored while waiting forthe second ensemble pair to be prepared. After both pairs of ensembles UD 
are entangled, the control logic releases strong cead pulses to map the states of the atoms to Stokes Field 
2 fields through s)~ le)-~ Ig. Fields 2yy and 2,9 are combined with orthogonal polarizations on the 
polaiting beamsplitter PBS, to yield field 2 fields 2my and 2ap are combined with orthogonal 
polarizations onthe poarzing beam splitter PBS to yield fed 2x only coincidences between fields 2; 
and 2p are registered, the state i effectively equalent toa polarization maximally entangled state. 
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Aeading 10 1/2 unit of emanghement for Wo 
quantum bits (i, 12 bin. 

‘The experimental demonstration of this 
axchitecture for implementing the DLCZ 
protocol ris critically onthe ability to cary 
‘ut eisient parallel preparation ofthe (LU RU) 
an (LD. RD) cosemble pais, as well as the 
ability 1 stabilize the relative phase, The fist 
requirement is achieved by the wse of waktime 
como as deserved in Fino eta (24) in a 
siomplsr case. As shown in Fig. 1, we inp 
mented contol logic that monitors the oupats 
‘of Field # detectors. A detection event at ith 
Pair triggers electrooptic intensity modulators 
MD that gate off all laser pulses traveling 
towanl the comesponding pair of ensenbles, 
thereby string the asociated state. Upon 1 
‘cit of signal indicating tht the two pats of 
ensembles, (LU, RU) and (LD. RD), have beth 
toon independently prepare, the contol logic 
triggers the recval of the stored sate by 
tancowsly sending a strong cad pulse in 
‘of the four ensembles, Relative 4 the case 
which 96 logic is implemen, this qrocess 
resulted in a 19-fold enhancement in the 
pwohabity of generating tis overall state from 
the four snsembles (SOM tx. 

The second requirement stil of the 
relative phase coud he accomplished by 

tive stabilization. of ach individual phase 
‘ust sin (20), Isao implementing this 
challenging technical task (which limately 
‘woul have tobe extern actos ener his 
of ensembles), our sctup exploits the passive 
stability betwoen two independent pokaizations 
wopagating ina single intrfometer o prepare 
the two ensemble puis (27) No active phase 
Iilvation is thus rogue. In practice, we found 
thatthe pussive stability of our system was su 
Aci for option overnight without adjustment 
Adttionally, we impemeniad a procedure that 
<kserminisically sts the rative phase 

‘We alo extend the orginal DLCZ,prote- 
co (Fig, 1) by combining fiekds (ys 2) and 
Cee. 2y0) ith onogonalpolaivations. on 
polarizing beamsplitrs PBS; ad PBS to viekt 
fields 2, and 2q. respectively. The polation 
encoding opens the possbiliy of performing 
xkitional cotanglement puriiaton and thus 
sunctioe scalability (28, 29), tn the ideal case, 
the renting site woukl now be effectively 
quivalnt © a maximally entangled site for 
te polarization of two photons 


cade ag) * APH) (8) 
here) and 1 stand fr the ste fa single 
photon with horizontal and vertical polarization, 
rsspecthely. The sign of the superposition in 
Eq 3 isla from Ea, 1 and is deterned 
by the pacar pair of heralding. signals 
ssconed by (DigDin at DicDu) The 

tanglement in the polarization basis is well 
sued for entanglementbsed quartic cry 
tography (Ut, 23) inlading scurty voice 
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ton by way of the violation of a Bel inoquality, 
as Well as for quantum teleportation (11), 
As. first step to investigate the joint states 
Of the atomic ensembles, we recorded photo- 
«electric counting events forthe ensemble pairs 
(LU.RU) and (LD.RD) by setting the angles 
forthe half-wave plates (22), shown in Fig | 
to O°, such that photons waching detectors Day 
and D3y come only from the ensemble pair U, 
and photons reaching detectors Dz, and Dac 
‘come only from the ensemble pair D. Coodi- 
tioned upon detcetion events. at Dyy oF Dyy (or at 
or Dy). we estimated the probability that 


shared excitation as compared with the proba 
bility fortwo excitations by way of the associ 
Photoelectric statisti, In quantitative ers, we 
atermined the ratio (20) 
ng) = Pen a 
ProPon 


wwhete Paina i the probability to reser 
photodetection events in mode 2py and events: 
in mode 2ye (X= {UD} conditions on a do- 
tection event at Dy. nscessry condition fr the 
twa ensembles (X,Y) wo be entangle is that 
‘ny <1, where hy» | comesponas othe ease 
‘of indecent (unentanghe) coberent ses foe 
the 10 fchl (20), Figure 2 sows the casual 
‘hg versus the duration tyy (where M stands 
fir memory) that he sae store before re- 
trevor both U and D pits? remains ell 
blow unity fOr storage times ty4 < ~10 i 
For the U pair, the solid line in Fig. 2 pro 


Vides: fit by the simple expression 
1 expt (tyut)"] - The fit gives A= 094 
0.01, whew the enor is SD, and € = 22 2 js, 


providing an sstimate of a coherence tine for ot 
system. A principal eause for decoherence i an 
inhomogenconts broadening of the ground state 
levels by residual magnetic fiekls (3. The 
characterization of the ime dependence of H? 

institutes an important benchmark of our 
system (SOM Ferd 

‘We next measured the correlation function 
(0.04), detined by 


+Gut ~ Cat ~ Che 


=45° (Fig. 3B) Rebstive wo Fig. 2, these dita 
are taken with inercased excitation probability 
(higher write power) wo validate the phase sta- 
bility of the system, which is evidently good. 
orcover, these four-fold euincience fringes in 
Fig. 3A provide further veriication that peadomn- 
inanlly one excitation is shared between a pair 
fof ensembles. The analysis provided in the 
SOM text with the measured cumulative A? 
‘parameter for this set of data, #°) = 0.12 = 042 
edicts a visibility of I” 78 = 3% in good 
agreement with the experimentally determined 
= 75%, Finally, one ofthe fringes is invented 
With respect wo the other in Fig. 3B, which eor- 
responds with the two possible signs in Eq 3 


We) 


As for 8, ~ 45°, the measurement is sensitive to 
the square of the overlap & of photon wave- 
packets for fickls 2y; we may infer Sup 
O35 fiom the reduced fringe visibility (I” 
38%) in Fig, 3B relative to Fi 


{erence in tis setup has shown an overlap & 
0.90, which confirms that the reduction cam be 
‘principally attributed to the nenideal overlap. 
Other possibk: causes include imperfect phase 
alignment y 2 0 and imbalance of the elfective> 
sate coefficients (SOM text). 

‘With the measurements fom Figs, 2 and 3 in 
hand, we verified entanglement unambiguously 


Fig. 2. Suppresion 
of the probabilities fr 
each ensemble to emit 
two photons compared 
with the product of the 
probabilities that only 
ane photon i emitted, 
‘asa function o the dura- 
tion that the state i 
stored belore retrieval 
The solid line gives a fit 
forthe U pir, tor bars 
indicate $0. 


Fig. 3. Measured correlation fume 
tion E04, Op) a5 a function of Op 
with fined at (A) 0° and (B) 45°, 
= The excitation probabilities forthe 
‘ensembles are increased by ~1.5 
times relative to Fig. 2, with each 
= point taken for 30 min at typical 
‘coincidence rate of 400 per hour for 
‘each fringe ror bars indicate SD, 


(01.08) is) 


Cot Gut Got + Ge 
Here, Cu tives the rates of coincidences be- 
tween detectors Day and Dax for Field 2 fields, 
where ike ta eal}, conditioned upon herakl- 
ing events at detectors Dig Dyy atid DiDig 
fiom Field [ fick. The angles ofthe to hall 
wave plates (12), and QU2)q are set a 0 ond 
4/2, respectively. As sated above, the eapa- 
bility to store the state heralded in one pair of 
ensembles ara then to wait for he other piri 
be prepared markedly improves the various 
coincidence rates Gy by a fator that increases 
With the duration jp that sate ean be pre- 
served (24) (SOM text) 

Figure 3 displays the comeation fanstion E 
asa fimetion of @, for 8; = 0° (Fig. 3A) and 
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by way ofthe violation oF a Bal inequality (37. 
For this purpose, we chose the canonical vals, 
8, © (O°AS*| and Og = {225%-225 
constructed. the ClunerHlome-Shinn 
{CHSH prams 


S, = JE(' 2S) +£0.25) 

+ EAS" .-22.5") ~ EAS, 225")| (6) 
|E(O" 22.5") + EO" 22.5") 

+ EUS*,225") ~ EAS,-2S"y) (7) 


fae the to eflctve sts (Va yor in E93. 
For local, realistic hidden-variale thoocics, Ss = 
2), Figure 4 shows the CHSH parameters 
1s fnetons ofthe duration sup w which one 
‘mir of ensembles holds the prepared sta, in 

citation rogime of Fig. 2. Asshovn in the 
he requirments for nunimization 
of higher-onder terms are much more stringent 
in this experiment wih four ensembles than 
With simpler configurations (27) 


Aso 


Figure 4, A and BB, gives the results for our 
‘measurements of Sy with binned data. Each 
point corresponds 10 the violation obtained for 
states generated at 4 = Atay? (Any is marked 
bby the thick horizontal lines in Fig. 4), Strong 
\iolations are obtained for short mem times 
ols 
0.13 > 2 forthe sevond bin demonstrating the 
[presence of entangkment between fields 2, and 
2p Therefore, these fields can be exploited 10 
‘perfor entanglement-based quantum commui- 
«ath protocols, such as quantum key disrbution 
with, at minimum, secunty against individual 
attacks (11,32). 

As can be seen in Fig. 4, the violation de- 
cereases with increasing ty. The decay & lagely 
due to the time-varying behavior of A? (Fig. 2 
and SOM text). In addition to this decay, the 
SS. parameter exhibits mexluation with tye We 
explored different models for the time depen 
dence of the CHSH parameters, but thus far 
have found no satisfactory agrecinent between 


B30, 


20) 
18) 
15) 
Cr a ee 
ulus) 
Fig. 
dura 


0 2 ¢ «8 © 
wos) 


Measured CHSH parameters S., for the two possible effective states in Eg. 3, as functions of 
ty for which the first ensemble pair holds the prepared state. The excitation probabilities 


are kept low for high correlation (asin Fig. 2. (A and B) Binned data. The horizontal solid ines 
indicate the size of the bins used. (C and D) Cumulative data. The coincidence rate for these 
measurements is about 150 per hour for each effective state. Error bars indicate SD. 
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smodel calculations and measurements. Never 
tncless, tbe density mats forthe ensemble over 
the fall memory time is potentially useil for 
tasks such as entanglement connection, as 
shown by Fig. 4, Cand D. in which cumulative 
dats are given. Each point at memory tims yy 
ives the violation obwined by taking into 
account all the states generated from 0 10 ty 
Overall significant violations are obtained, 
namely 04> 2 and $. = 224 © 
04> 2at e~ 10 Hs 
{In our experimen, we were able generate 

acittion-number entangled sates between = 
‘mote locations, which are well suited for sealing 
Puposes, and, with realtime control, we were 
able to operas them as if they were efectively 
polarizationentangled sates, which can be 
anplisd to quantum communications such as 
quantum cryptography, Measurements of the 
suppression Hof t90-exciation components 
venus slorage tine expiily Gomory the 
majo source that case the extracted poration 
cstanghament 10 decay, emphasizing the eral 
role of muiti<xcttion ever in the expariments 
aiming for a scalable quantum network. The 
roent scheme, which cxnstiutes a finetional 
seument of a quantum repeater in terms of 
quantum sate encoding and channel conto, 
allows the dstnbuton of entangkement fstwesn 
two quantum nods. The extension of our work 19 
Jager chains involving many segments becomes 
more sownplicate ana is ut oF wach foe any 
cue system. For kng-stance communication, 
the fs quantity wo inpwove isthe cobsrence ine 
ofthe mesmo. Bate eancelton ofthe rv 
magnetic isan swiching o ne tap schemes 
souk! improve this parameter to = 041s by using 
an optical trap (30, thereby increasing the rate of 
repuring the ensembles ithe tate of Eq, 1 0 

100 Hz. The sevond challenge that would 
Jnmedtely appar in an extended chain wok! 
te the increas ofthe mucin probability 
withthe eoonsstion stags, Reset, Jans fa 
(28) have theoretically demons the preven 
tion of sch growth in a simi setup, but fall 
scalablty sill rogues yery high retical and 
tection eiieney. and phoion-number re 
deters, These to points chy show 
dqust of sale quanum networks is 
thooretcal and experimental chllnge. The ail 
ability of our fit functional seyment opens the 
‘way fr fri imvestgations 
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Anisotropic Violation of the 
Wiedemann-Franz Law at a 
Quantum Critical Point 


‘Makariy A Tanatar"2*t Johnpiere Paglione,?* Cedomir Petrovic. Louis Tailefer™*s 


‘A quantum critical pont transforms the behavior of electrons so strongly that new phases of matter 
can emerge, The interactions at play are known to fall outside the scope of the standard model of 
metals, but a fundamental question remains: Is the basic concept of a quasiparticle—a fermion 
with renormalized mass—stil valid in such systems? The Wiedemann-Fanz low, which states that 
the ratio of heat and charge conductivities in a metal is a universal constant in the limit of zero 
temperature isa robust consequence of Fexmi-Dirac stasis. We report a violation ofthis lw in 
the heavyfermion metal CeColng when tuned to its quantum critical pont, depending on the 
direction of electron motion relative to the crystal lattice, which points to an anisotropic 


destruction of the Fermi surface, 


jcovenl fn 1883, the: Wiedrane 
Dita tiniest 

rma prety of meta, hy 
ihe teal conlucty ofa sage ad 
ieimeletol condo eoupra nivel 
ft, I 1927, Sommer (2) wad aan 
Ines, oping eke th me Fe 
Dime oe theo ving hc 
wen 


Where T is the absolute temperature, Ay is 
Boltzmann's constant and ¢ isthe charge of the 


"Département de Phsique et ROMP, Univerté de Sher 
bole, Sherbrooke, Canada. “Department of Ps, Uni 
erst of Trot, Torta, Canada. Deparment 
Univesity of Calera, San Diego, CA 92093, USA. “Con- 
ensed Mater Py and Mate Science Deptmen. 
Boolhaven National Laboratory, Upton, NY 11973, USA. 
‘cana nse or Advanced Research, Toon, Canad 
‘Thee authors cotibuted equally to his mak. 

{Present abies: lite of Surface Chemistry, Nationa, 
‘eaderny of Sciences of Ukraine, Ki, Ukraine. 

#o whom conesgondence shoud be addressed. Eat 
{ous taategptysquewihetrooke ca 


1 JUNE 2007 VOL316 SCIENCE 


econ. The euremely good agement between 
‘the theoretical constant Lg = (2) aa the em- 
pirical value played a pivotal role in establishing 
the quantum theory oF soi. 1987, Landay 
went on to show tht, eve in the resence of 
slong intratons,escrons in a mal ean sill 
bee described as weakly interacting fennions 
Cysasiparicks”) with rnomnalized mass (3) 
This isthe exsence of what became known as 
Fem-liguid (FL) theory, the “Mandard dt” 
‘of mal. tn the limit of zero temperature, the 
AWE law survived unchanged because it dost 
depend on mass. (E91 i oly a aw at 70, as 
only in tht imit is enerey conserved in colli 
sions) Its since heen shown tha the WF law 
remains vad as T—0 for atbitrary strong 
scaring, dion, and interactions (4). I is 
‘ult nw th fabric of mate, vai down wo the 
quanea of conductance, respectively yal 10 
JAE for heat and for charge (3). 

fn the pst devade, however, departures fom 
FL theory have basn Gheerved in d- and fe 
econ mata when tunel wo a quantum eiical 
‘point (QCP), a zcro-temperature phase transition, 
hreoween disinet choewomic ground states (6) 
“Tse typically show up as an anomalous em 
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perature dependence of properties at the QCP, for 
example, a specific heat coefficient that never 
saturates, gwowing as OT log) (7), and an 
celoctrical esistivity that grows linearly with 
(8). Quantum criticality also appears to be linked 
to the emergence of exotic forms of supervon= 
ductivity (9-17) and nematic (/2) electonic 
states of matter 

To determine whether Landau quasiparticles 
surviveat a QCP, we have measured the transport 
‘of eat and charge in CeColng, a heavyfermion 
‘metal with a QCP tuned by magnetic Hie 7. In 
ity phase diagram (Fig 1), the QCP is located on 
the border of supsreondutivity and marks the 
end of a FL rogime at H = He = 5.0 T, where the 
lectrcal resistivity obeys the FL for p = py 
AT® (13).  powertaw fit to the 4 eoxtivient 
yields A ~ (1 Hey with «2 4/3 and Me 
$0 O.1T (13), Att CT never saturates (4). 
The same phenomenology is found at the field: 
tuned QCP of YbRhsSis (with «= 1) (5). 

In Fig. 2, we show how the thennal and 
clectricalressivitcs in the 7~ 0 limit behave in 
CeColng as the field is tuned towant H. These 
awextrapolations to 7= 0 ofthe temperature 
thermal resistivity, defined as w = Lol, and 
ceetrical resistivity p, for current directions 
parallel (Jc) and perpendicular (FL c) 10 the 
‘etragonal axis ofthe crystal lattice, The aw data 
and their extrapolation ae sown in detail i (1), 
For H1~ 10 T, faraway from f.w(T) and pT) 
converte as 70 for both curent directions 
However, very close to the QCP, for = $37, 
they only converge for insplane transport, In 
‘other words, transport along the axis violates 
the WE law, with wt; extrapolating toa distinctly 
larger value than pas 7-0, In the supporting 
‘material (4), we show that extrapolations are not 
rnceded to conchide in a violation ofthe WE lav, 
a the difference data, wT) ~ p(T) versus 
shows a rigid Tindopendent shift from fild 10 
field. The normatizal Lorenz ratio, f+ = 255= 8, 
fs also seen 10 approach unity at 10°F but not at 
331. 

‘Our observation ofa violation of the WF law 
at 1 QCP is characterized by three distinctive 
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features: (i) charge conduction is essentially une 
mur: (i) heat conduction bcomes ss f- 
cient, so that L < Lg: and (i) the violation is 
<qualiaively anisotropic resent in one diction 
and absent inthe other. 

“The constancy of change cobiction dsin- 
ules this rom the no known instanes of WF 
Violation, The fist oscus inthe ease of supe 
const, where immetly goes to infinity 
asf dps blow Pay whereas ops raha, 
that Ly 0, The second instance exc in the 
‘termi (00) relied inthe erssove ma 
sna © an insult. fn his nat, vil has 
boon observe in cups as the Mot insulting 
se is appreachal (¥}. The ave of CaColng is 
nthe one of syperaicondnstion nor one of 
charge localization, but hat of a good metal vi 
Jing the WF kaw, The fic that tsa dwar 
Violation, £70) < Zo, sem inconsistent with 
the post of neutral emionic excitations such 
as those priced to anenge at a heavy-ion 
QCP (76) Insc, we will argue tht the Femi 
sure is destoyed,anisuopieally 

In the Tl, the WE law hos as long as 
thaw isa stp inthe Fermi distribution function, 
that as lngasa sharp Femi sriace exists This 
step is proportional to the renormalization 

the detining property of a Lana 
quasiparticle (7). fn star FL thy, 2 is a 
smear of how stngly the quasiparticle ass 
int i enlace by elect inaction, with Z~ 
Vint. The anionic violation xn it CeCong 
thus syst that shu Frm surface docs not 
«exit in hee direction but does exist inthe pn 
(This is consistent with the obsenation of de 
Has van Alpen oseilitions in CcColng for 
(18), because these result from eoberent electron 
omits inthe pn.) In other words, Z must be a 
finetion of polr ange, 2 20), whereby Z = 0 
‘er aregion around the “pokes” (canis) and 2> 0 
ina region around the “equator” (basal plane), 
which provides evidence of anisatropic amas in 
the Z parameter of tal doe toa QCP 

‘An anisottopic destruction of the Fermi 
surfice is reminiscent of what occu in the 
pscudogap sate of underdoped high-temperature 
superconductors, where photoemission shales 
have revealed a Ferm surface broken ino stall 
aes (19), shrinking 1© points along “nodal” 


Fig. 2, Phase diagram of CeCoing. Magnetic 


11, as determined from inrplane resistivity 
measurements (10). The QCP is located at H = 
1H, = 5.0 (vertical red tne). FL behavior, p= 
fy A, cbeed nthe ue wedge, deg 


Temperature [K] 


ouscience 


Aircctioas (= 2) as T=0 (20). This ange- 
<depsndent desiuction may be cused by ston 
antfemomagnetic (AF) comelains: i crainly 
is predominant at points connected hy the AF 
codering vector By analogy, dh una desta 
tion of the Fermi surface ia CeColg may be 
caused by spin fhctuations witha uniial char 
ctr asconaro whichis consistent with bh the 
known fhctuation spectrum and the fit tem- 
perature properties discussed bebo. 

Having focused on the T= 0 init, we now 
examine how quantum criticality unfolds as a 
fieton of 7. The chctcalesisivity of CeCols 
atthe QCP & pltad upto 15 K (Fig. 3) fr both 
current directions. pe shows a purely linear Tde- 
pendence, fom 0.42 cm at 25 mK al the way 
10-402 co at 16 K. This 100-0 increase in 
resistivity evends by onc onder of magnitude the 
range over which criticality has 30 far boon ob 
served o persist in any materia, proving beyond 
ut that the power aw isan intinsc property 
‘of dectons seated by critical actuation. 
<qualitivly diferent incar T dependence is 
scen only above 4K oro, crossing overtoa 7™? 
dependnas below 3 1K (20. 

‘A comparison of heat and change conductiv= 
ines reveals information about thy momenta 
ddependen of inclasicscatiering. This was dis- 
cussed in dail in the context of our study of 
CeRtlng 22), the antferomagncic cousin of 
CeColn. with a Nel ordering tempat Ty = 
3.8K. The main pce of information that cat be 
eral dill isthe characte temperature 
Tap of magnet: Mucuatons, defined a th 

WE iw is restored. 
magnetic anal of the 
Debye temperature, the characteristic temper 
tue forthe seatering of cktoas by phonons 
p) In CoRlhlng Tar = K (22), in good 
agreement with the onset of AF conlatinns seen 
with ncuton scattering. In CeColns, the same 
approach applied to in-plane transeet yields a 
Fiekddependcot Tap 2 4 K at Mae sing 10 
‘match that of Ces at high feb (27). This 
allows us to understand the strange behavior of 
Bu The hincar-T regime abowe Typ arises fom 
Auctations without prefered spatial comela- 
tioas, effectively scattering ektoas on the 
whole Fermi surface and making it unify 


S 


12 


4 8 
Magnetic Field [T] 
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“hot (A. Tlinear resistivity is also found in 
ccomentional metals when T> @p.) Below Ta, 
the emergence of AF correlations peaked at cer 
‘ain g vectors in the plane leads to “hot spots” and, 
the higher 72? power law at low 7. The fact that 
Ae wmains linear down to the lowest temper 
‘tures suggests that Tap—>0 in this case, that no 
Jnegplane corations build up, an that the Fermi 
surface remains bot over large regions (say from, 
the plane). [In our phonon analog, this would 
imply @y—0, a quantum melting of the three= 
simensional (3D) solid into stacks of solid sheets 
separated by nomiscous liquid or gas] 
‘Whereas the 7 0 intercepts are diffe, the 
fincar T dependence of the canis eletical resi 
tivity is paralleled by the thermal resistivity 
(Fig. 3, nse) (7) is perfectly linear downto the 
lowest 7 Not only is we~ Tut also the slope of 
‘eB roughly equal tothat of pea confirmation 
that Tyr indeed vanishes in this dirstion. This 
ingicaes that the usual (I~ e080) vertex which 
‘makes smallangke scattering inefcctive in dk 
wading a charge current—is- not working in 
CColng. Irmay be unimportant because inelastic 
scattering is dominated by lage processes, a8 
‘one woul! expoct fom AF fluctuations, orit may 
be inoperative for some special reason, as in the 
“Kondo breakdown” model (23, 

a this instance of anisotropic qu 
iticality,yiven that Z and Ts 
anisotropy (Z, Tap ~ 0 alo 
Toy > 0 inthe basal plane) its tempting to sug- 
‘est that (2) vanishing enengy sea, 70, an 


& 


‘T=0 Resistivity (1:0 em} 
8 8 2 


2 


@ 10 
HIT] 
tion of the WE law. Residual re- 
rapoated to T = 0) as a function of 
‘magnetic field, for heat Gotid symbols) and charge 
topes anor, for plane tape 
(bottom), the two reskttes track each ther as 
a function 
fields. 


EF 


of fil, thereby obeying the WE law at 
For interplane transport (top), the 
dette ressity py is fat as HH, whereas 
the thermal resistivity ineases, thereby causing a 
voaton of the WE aw atthe QCP, wth a Lorenz 
umber L < bp 
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AWE law violation ar all te, ana (i) 2 goed 
ict fo thee joint occurence i a inca 
resistivity. Retuming to our comparison with 
cuprates, a similar connection between p ~ T 
and 2 0 appears to exist thee as well. Indeed, a 
recent measurement of the (azimuthal) anisospy 
‘ofthe inplane seatering rae Fo) a overdoped 
‘uprate(24) reveal that F~ Tat =O, where the 
Fm surface is eventually destroyed (at lower 
doping) and =T? at =r, whore it survives 
ris osictive wo compare our Fis with 
the proper of otis murals ann theos of 
‘quant cicality. A 7 resistivity is observed in 
Celny near the pressured QCP where is AF 
‘order Vanishes (6). Celny is the cubic parent 
compound of tetragonal Cetin and lon with 
the increase in ea rato, the ondeingtesrperatune 
lop fo 73. 10 K i the former to T= 38 K 
inthe ati. However, they sill have comparable 
Tay (assuming tht in Celdy Tay = Ty). Col 
cnounters a fares sac of the eu rato, and 
Tong-ange AF onks is 10 longer stabilized. 
However. can stil be viewed asa layered v= 
sion of Celny, with similar in-plane eomeations 
‘and seating” ln this sense, the 7°? depeodence 
‘berved in CeCols ean be viewed asthe ru 
fanismomagnetic Actuation that are chante 
ini ofthe parent compound. Thsoccally a7 
resisivity expecta or AP ential Muctutons i 
30 fa the so-called quantum spin sty wave 
(SD) rune 17, 25,26) In his scent, erica 
atirng ipso at ot speech the 
AF wave vectors (25), As 704 one woul expos 
the Femi srfice to naan sha everywhere. 
and thus the WE aw to prevails fxn he fo 
in-plane cuents 
‘A Tiinear resistivity & observed at the 
componiton-tuned QCP of CeCusoAvar (7) 
and Field-uned QCP of YoRHsSia (2), where 
AF ors thought to disappear. [In these cases, 
the power law is linear in beh high-sy metry 


0 + © 15 
TIKI 

Fig. 3. Anisotropic quantum criticality. Electrical 

resistivity atthe QCP Gat H = 5.3, T= Hy for ir 

plane (p,) and inter-plane (p) curent directions. 

‘be 7) remains tnear over a 200‘old increase in 

magnitude. By contrast,» i tinear only above a 


(arow) (18). dst Therma ressty = La) 
at the OCF, for inter plane tanspor. ms prey 
Unear dom to the lowest temperature. 
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sdicetions (15,27) The fact that.a lincar powers 
inconsistent with the SDW model for AF fluc: 
‘uations in 3D prompisd the proposal of a 2D 
version (28) and of an altemate theury, where 
critical scancring is local in space and therefore 
[present at all wave vectors (29). These seenarios 
Would lead 19 a more extreme breakdown of FL. 
theory, because the Fermi surface is “hot” not 
‘only at certain specific spots but everywhere. It 
‘was argued in (4) that the specific heat data on 
Ge-doped YRS. which shows a OT that 
cexcouds the log( 1/7) dpendcnce at low temper= 
ature, may be aa indicat of such enhanced 
‘bweakdown. In CeColng the fact that itis inthe 
lection where p~ T thatthe WF law is violated 
iscertanly consistent with this picture. Clearly, it 
‘wouk! be interesting 10 test the WF law in 
YoRh; 


ingng together our findings for 70 and 
T > Qapictur of qualitative anisotropy emerges, 
not present in eth the SDW model othe heal 
ciicality mod, at Kent in their cuent forms, 
The characteristic spin Muctution temperature 
Tp vanishes at the QCP for trast along the 
ani but not in the plane. Asa esa, dhe beaks 
down of FL theory f extreme inthe ¢ direction 
Be ~ Tand we ~ T down to the lowest temper 
‘ues andthe T= 0 Fen surface is blared. tht 
isthe quasiparticle 2 parancer vanishes i = 
‘sons aroun the eas diction. 

'A possible erg fo this anisotropic erica. 
ity isan anisotropic spin factation spectrum. 
Fist an AF instability i present in all thee 
‘Ceing compounas (M1 = Co, Rh rk, as sown 
by the fact hat magni ordering can bended 
bby Caldoping (3, Second, a magnetic ikl does 
tune the magnctism. fu Cethlng under pressure 
(where it becomes in many ways mone similar 
CaColng, ea, by developing supercondctivity 
with the same To), a magpetic fehl sailzes 
Fongerange magnetic one (31.82) In CeColns, 
itis the magnetic tuations tht are tuned by 9 
magoctic Fel 22, with Toy staring at a valve 
suivant wo that of Ceftiny at high fckls and 
then lowered toa minimum at He Thin, the AF 
fluctuations in CoColns have strongly anistrop- 
ie character 23), with magnetic moments well 
couple in-plane but weakly couple iterplane. 
‘This is cowsistent with the helical oedring of 
moments in CeRhlng commensurate in-plane 
and incommensurate along the ans. Therefore, 
it scems natu to fink this uniaxial anisotropy 
‘With the observed anisotropy in Ts. power, 
and 2(0) What isnot yet known is wheter a 
scenario of AF critical fcwations eat indood 
‘cause a Violation ofthe WE law at 70. 

However, the AF scenario is not the only 
candidate forthe anisotropic quantum criticality 
‘of CeColing The “Kondo breasows” model po- 
posed eeently (23, 34 a type of deconfined 
QCP where the hybridization between conduction 
and foci goes to ze, captures some ofthe 
‘ky signatures ~abscnce of magnetic ond inthe 
phase dingram, stong anisotropy. multiple ence 
a sales and a inca behavior of both charge 


and beat rsisivites, Prosimity 1a Pomeranchuk 
instability of the Fermi surface can also cause 
anisotropy in electronic liquids (7). Recent cal- 
fculations show that the transport decay rate at 
such a QCP has a finear T dependence every 
‘where on the Fermi surface except at “ok!” 
points, resulting ina T™? dependence of the 
resistivity (25) 
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Mars: A New Core-Crystallization 


‘Andrew J. Stewart,? Max W. Schmidt,2* Wim van Westrenen,? Christian Liebske™ 


The evolution of the martian core is widely assumed to miror the characteristics observed for 
Earth's core, Data from experiments performed on iron-sulfur and iron-nickel-sulfar systems at 
pressures corresponding to the center of Mars indicate that its core és presently completely liquid 
and that it will not form an outwardly crystallizing iron-rich inner core, as does Earth. Instead, 
planetary cooting will lad to core crystallization following either a “snowing-core” model, whereby 
iron-rich solids nucleate in the outer portions of the core and sink toward the center, or a “sulfide 
Inner-core" model, where an iron-sulfide phase crystallizes to form a solid inner core. 


dhominaicd by Fe, Ni, anal Sis well es 
ablished by martian meteorite gco- 
chemistry U-3). However, because of the 
fbsence of seismic data and dest sample fom 
the marian mans, the composition, themnal 
evolution, and physica tat ofthe core are holy 
ebated, The Mars Global Surveyor mission has 
allowed dotaied refinement of the goophysial 
lata available forthe planet Presse deermina- 
tions ofthe moment oF inertia (4) ae solar tial 
deformation (5) have provide tong consti 
tctural models of dhe plant, requiring a 
ore aus of 1520 10 1840 km, as ompared 
with a mean planetary rai of 3390 km. The 
same data also indiate that the presently 
inetalic core isnot comply soli (8) an are 
consistent with a range of possibilities between 
a entirely liquid and highly solidified core 
with only a small outer liquid region (6). The 
«volition ofthe physical sate of the matin cone 
is particularly important, i view of the wecent 
identication (7, ) of highly magnetized high- 
Jan wooks in he southemsmispste, ncn 
the presence of a ston transient magnetic fk 
in the Noachian period (= 4 billion yeas ago), 
enerted by the flow of metal quid in the 
snartan coe. The mechanism dhat caused the 
subsequent cessation ofthe magnetic fick! is one 
‘of the fundamental unknowns lout the evoli- 
tion of the martian interior (%) and depends 
citically on the physical state of the cone 
‘The coretmante boundary of Mary occurs at 
3 GPa (0) aad 1800 K (1). High-pressure 
experiments performed on the Fe-S system at 
such conditions (/2) indicate raatively ow eu 
tsetic meling temperature throughout the planet 
(11, 14,1, a compared with calcul em 
erature profiles (erm areotherms). This ia 
plics that at least the outer core sa igi tate 
(1), Mere we present an experimental study of 
high-temperature phase relations in the Fe and 
(FeNipS systems extending io pressures hat exist 


FE: Mars, the presence of a metallic core 
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atthe center of Mars, estimated to be near 40 GPa 
and 2200 K, thereby experimentally constraining 
the piyscal state ofthe entire martin cone 

Using. high-pressure mulkianvil devices, we 
investigated the Fe-rich portions of the binary 
FeS ang pscudobinary (Fe,Ni}S systems at 23 
and 40 GPa, Experiments at 23 GPa were pot= 
feemed in a traitional uniaxial multianil device 
With static Lateral confinement (15), whereas a 
spherical mulianvil device (6-18) equipped 
wi sintered diamond anvils was used for ex 
‘srienents at 40 GPa (19). 

Recovered run products were sectioned, 
polished, and investigatal by lecton micro 
‘probe analysis. The results (fable S1) show that 
the Fe-S system preserved ity eutectic behavior 
as observed at 25 GPa (/2) up to 40.GPa (Fig. 1). 
AL 40 GPa, the culestic melting temperature of 
the Fe system was found to be 1520 K, which 
is N00 K lower than that of pure Fe melting at 
‘that pressure (20) and only 


REPO! 


the eutectic temperature at 23 GPa. The cutee 
tic met composition shifted ftom 16 weight" 

(1%) S at 23 GPa to 12 wt % at 40 GPa. No 
‘new phases were served in the system. AL 
subsolidus temperatures, Fe is found to coexist 
With Fes.,8p rather than FeyS (21). We cane 
sider this an artifact in subsolidus experiments, 
‘because of the short run durations an low tem 
peratures involved evenly themnally equilibrated 
sabsolidas experiments by Seagle ef al, (22) 
observed stable coexistence of Fe and Fe,S at 
pressures up 10 80 GPa, The efleet of Ni on the 
binary FeS system was evaluated by replacing 
36 wt % of Fe by Ni (FeNi » 16:9). This ad- 
dition of Ni had no effect on the phases ob- 
served a the eutsctic nature of the system; 25 
compared 10 the FeS system, 

substitute for 

presence of Ni lowered the eutectic temper 

tures at bot 23 and 40 GPa by ~125 K, which 
‘widens the liquidus loop slightly by increasing 
the S content of the eutectic molt by wt, 
Assuming that eutcctc temperatures vary lina 
Jy with Ni conten, a cosmochemical abundance 
Of Ni C8 wt %) (3) will lower the eutectic tem- 
perature by ~30 K, which thus has only a minor 
fleet on the S$ content of the eutectic compo 
sition, The solubility of Sin the solid Fe meta 
phuse increases with pressure to 25 GPa (2), 
However, solubilities at 23 and 40 GPa in our 
[Nicbearing samples were similar (1.6 and 18 Wt 
WS, respectively) 

‘Using our da reaching pressures atthe center 
‘of Mars with previous kverspressurestaics, We 
aw able fo draw a temperature-pressure diagram, 
‘hr the entve ange of marian covalions (Fig. 2, 
‘By comparing quis imersctions (emperatunes 


Fig. 1. Fe and (FeNi-S phase diagrams at 23 (left) and 40 (right) GPa, Fe-S ress, squares; (F,Nib-S 
‘ests, triangles quid phases, back symbols; solids, white symbols. The resulting phase boundaries for 
Fe'S Galid biue ine) and (Fe,Ni-S (dashed red tines) are shown. Thick back vertical tines indicate the 
‘composition of stable sufide phases, 3s indkated along the x axis. Temperatures for meting of pure Fe ae 
{rom Boehler 20). Pure Fe-Ni melting temperatures at both pressures ae based on the melting depresion 
{rom pure Fe of roughly 80 K observed at 1 atm for Fegdise. The gray shaded region represents the 
estimated bulk marian core composition (J-3). ror bars (lo) represent analytical variation and are 


‘indicated when larger than the symbol. 
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below which solids will begin to crystallize) of 
Various estimated core $ contents to arwothcenal 
estimates, we observed thatthe areotherms Tie at 
higher temperatures, with the exception of the 
10.6 wt Me S estimate (though only near the 
ccoreimantle boundary). This observation ini- 
cates a complete absence of crystallization in 
mos, if not all, ofthe presenttay martian cone 
Although it is not evident that crystallization 
‘ofthe martian core has begun, Mars continues 
‘coo andthe core will doubly sii inthe 
geological future, The mechanisms of core 
cerystllization will ertically depend on the eflect 
‘of pressure on erytallization temperatures inthe 
(FeNNi)S system, the coresponding phase com 
Positions, and particularly on the bulk S eoncer 
tration of the martian core, Estimates of such S 
contents, obtained by comparing the chemical 
‘compositions of martian meteorites with those of 
‘other primitive metcorites, range om 10.6 10 
162 wt Me (8), These concentrations eneor- 
pass the eutectic melt compositions at various 
cone presures, Liquidus temperatures of core 


melts are thus substantially lowered, as compared 
with the melting tsmperatare of pure Fe. 

For the martin core, 10 diferent crystliza- 
ton mgimes can be envisaged, depending on 
‘whether the bull core comperstion ics on th Kee 
or righthand side (ie, the Fe- or S-ach com 
Peston, edtive to the eutectic) of the (FeNiPS 
Pscudocutectic phase diagram at core pressuncs, For 
‘example, assuring a bull S contest of the mastian 
cor oF 10.6 wt (2). the ons of erystalization of 
an Feich alloy with minor amounts of dssalvedS 
will occur once the actual aceticnn fall bekos 

2-1). Interpolation of liquidus erp 

S coment bstwoon 23 and 40 GPs 
indicates that the slope of the liquidus temper 
ature asa function of pressure is negative. How 
‘ever amy aalsbatic areotherm must have a positive 
Acmperatre pressure (Td?) slope (Fig. 2), which 
implics tha the crysalization of come melts with S 
‘contents lover than the eutectic compositions (ez, 
14 wt) must begin atthe core mantle hour 

To evaluate possible consequences fr the 
evolution of the core under these conditions, the 


ae = 


Fig 2. fect of pressure on the Fe-S and (Fe.N-5 systems. Eutectic melting temperatures for Fe NS 
with FeiNi of 10.6: ae shown as a deted buetne. Eutectic temperatre inflections arcund 14 and 20 
‘GPa are due to the stabilization of FeySe and FesS above these pressures. Temperatures for liquidus 
Loop intersections (Le fst cystallization presented in Fig 1 for core S contents of 10.6 2), 142 G), 
and 162 (1) wt % are presented as soli black tines. The 16.2-wt 9 curve has a postive slope because 
its S content f higher than the eutectic. The areotherm estimated by Fei and Bertia in 2005 (10) 
(F805) is presented along wit calculated estimates (12) or the core areotherm, based on corelmantle 
boundary temperature determinations by Berta and Fein 1997 (BF97) (13), Wiliams and Nimmo in 
2004 (NO) (22), and Hauck and Philips in 2002 (HPO) (24). The presse of the corelmantle 
boundary (CMB), the mantle solidus, and the melting cuve of pure Fe (20) are given for relerence. 


A (10-14 wits 8) ¥-¥¥ 
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Fig. 3. Coss section through Mars, ilustrating two possible cystalzation regimes fr the martian 
‘core. Solid (FN, yellow solid Fe, range quid slide, red; mate, blue; cust, black (not drawn 
to scale. (A) Srowing-core hypothesis. (B) Sulfide inercore hypothesis. 
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nstes of coexisting solid and liguid phases 
‘were appraised with equations of as for y= 
e(23)the Fe polymorph expected t be sable at 
marian core sondions, and Fe liquid with 10 
‘wt %S 24, 25) The calculations show tha yes 
denser than the coexisting liquid, having a density 
that increases from 94 0 108 glen! across ere 
proses at 2080 K (23), as compared with 3 
‘ovexisting Fe- Hid with a maximum density of 
69 10 7.7 went across core pressures ever the 
Aenperate range from 1773 ¥0 2123 K 20, 
Thus, any’ solid Festich phase crystal 
tbe'S bearing ig should sink within that guid, 
Azading tothe snowing-cone hypothesis (Fig, 3). 
A similar Fe-snowing-core regime tas. been 
rcviowdy proposed for the core of Ganymede 
(26). nan ui station, these solid Fe-Ni 
shopts would redissolve while sinking, but their 
fi abo depends on the kinetics of re-meking 
and the vigor of convection, The functionality of 
comctive currents bringing the slid precip- 
ftates dep into the core along colder downwel- 
fings can be imagined to provide much faster 
<bescont times than those allowable by Stokes? 
Jay. As core temperatures decrease with time, 
itis possible that an inner Fe-Ni core will oom 
a8 a metastable sedimentary agglomerate of 
sinking Fesich sold (Fig. 34). The fui 
po cn become pwogtes= 
‘sively enriched in S, until finally the core will 
complete is crystallization from a eutectic 
liquid exystalizing both ( Nip. 
‘A sccord crystallization regime for the 
‘martian core arises if the butk S content is toward 
the higher end of cument estimates (i. on the S- 
rich aide of the eutectic composition at. core 
ressres).Akough our dat sot sii in this 
sompositional range, the dP? slope of the 
liquidus om this side of the eutectic eompusi- 
tio i tsps, bocause the eutectic composition 
moves away fra the bl: campositin as pres= 
sure increases. As a rel, crystallization wil 
first cur at high pressures Unlike Eat, such 
‘mortian core melts wouk! have compton on 
the S-rich side of the eutectic and thus first 
cxystlize an inner core of 
The equation of tate for Fey8 (2 
density increasing fr 7.7 w 82 wen? over the 
‘martian coe peste range, with no substantial 
‘aration in density betwasn 1600 and 2100 K at 
the same pressures (22). The densities ealcubted 


above fran FS tguid with 10 tS (6.519 
7.7 wm) provide maximum values of densities 


{oral iguids with >10 w creas S 
contents will decrease the density, Hence, the 
xystalizing (Fe,Nijy$ would remain atthe center 
of the core. Removing (Fe.Nipy§ from the liquid 
core will cause the residual liquid compositions 
twevolve toward the high-pressure eutectic, final- 
|y forming. crystallizing outer martian core com= 
posed of Fe,Ni}and (Fe.Ni)S, with an inner core 
composed of (FeNi)S. 

‘Our data demonstrate that present-day Mars 
thas a molten core and that a solid inner core can 
‘be excluded from the Early Noachian period (4 
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Dillon years ago), when the highly magnetized 
highland rocks of the southem hemisphere 
formed (7, N). This implies that the Noachian 


Mercury (27, 28). nthe absence of solid cone 
formation, the eesation of magnetic fed gener- 
ation must have been caused by a dramatic 
change in the liquid core convection regime: 
Such a change could be related wa decrease 
(with time) of radiogenic heat production from 
potassium decay in the core, or othe termination 
‘of surice tectonics (29), With the onset of lange- 
seale come crystallization, the rekase of Iatent 
hea, gravitational encrpy, and compositionally 
liven convection may provide enough energy 10 
initiate inereased convection within the liquid 
Portion of the core. It is possible that this 
convection, over time, ean reestablish a dynamo, 
resulting in the generation of a second period 
With a strong global martian magnetic eld, 
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Physical Model for the Decay and 
Preservation of Marine Organic Carbon 


Daniel H. Rothman" and David C. Forney*® 


Degradation of marine organic carbon provides a major source of atmospheric carbon dioside, 

‘whereas preservation in sediments results in accumulation of oxygen. These processes involve the 
slow decay of chemically recalcitrant compounds and physkal protection. To assess the importance 
‘of physical protection, we constructed a reaction-diffusion model in which organic matter differs 
‘only in ts accessibility to microbial degradation but not its intrinsic reactivity. The model predicts 
that organic matter decays logarithmically with time t and that decay rates decrease approximately 
45 0.2 x until burial, Analyses of sediment-core data are consistent with these predictions. 


uly half of Eas primary peaton 
N: ga cabo exci bs be Oem 

(2, Once td his eid carbon i 
nedaely enters the marine ood chin, where 
realy all of about 9.9% is evenly 
‘oxidized back to CO via heteropic metabo 
tm (2. The remainder escapes dation ad 
in inant in seinen (2-7. Whores dey 
aston rts intone atmosphric ar! eae 
oncetatons of COs at shoe tims sak, burial 
rates influence Op concentrations at kang (gs0- 
log) ie wales 2, 4). Moreover he eng of 
ths slow lek fom the Biolog othe goo 
loge carbon cyeeexends well beyond Os For 
«xample, the bur of organi carbon sa ata 
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foem of carbon sequestration (5) that an ead t0 
the formation of petroleum (6), and Oy accum- 
lated as a consequence of burial must have pre 
ceded the evolution of complex life dependent on 
aerobic metabolism (7). 

‘A fundamental understanding of the rates of 
decay and burial has been clusive, however. A 
central problem is that there appears 10 be n0 
single rate that characteris the microbial decay 
Of organic matter (%, 9, Indeod, a pronounced 
slowdown in respiration rates, as organi matter 
falls through the watcr column and degrades in 
sediments, has been unambiguously documented 
at time scales ranging fom days 10 millions of 
‘years (10, 11). However, the mechanisms 1e- 
Sponsible for this slowdown and ther relation, if 
any to the small fact of organic matter that is 
resend in sediments remain unresolved 

Many hypotheses have been proposed, 
Roughly speaking, these appeal to either chem- 
istry or physics. The chemical scenarios typically 


ascribe the Slowdown to changes inthe chemical 
position of organic matter. In probably the 
simplest such formulation, inttinsially highly 
reactive “abil” onganie carbon i consumed fits 
and then followed by less reactive compounds 
The most recakitrant onganic compounds for 
ccxample, algaonans—are then "seketively pre= 
served” (/2, 3), An altemative hypothesis sug> 
‘gests that ecaleittance is ulimately no traceable 
to biosynthesis 1 instead result foe | 
repolyinerization and condensati 
rronscketive sot of incompletely depraded but en 
‘ymatically depolymerized compounas, which, 
‘overtime, constitute an increasingly large fe 
tion of the remaining organic matter (6). 

‘The physical scenarios attbute the slow= 
‘down and burial 40 some form of physical pro- 
Acction. This reasoning follows in pat from 
‘servations showing stong conelation between, 
the concentrations of onyanic carbon and elay 
particles (/4) or mineral surface area (1-17) in 
sediments, suggesting that some physical prop- 
caty ofthe sediments themselves is promoting the 
rcservation of organic mater, Further evidence 
‘of physical protection comes from observations 
indicating that the chemical compesition of 
foranic matter changes lithe as it sinks to the 
sa floor (/8), and from experiments suggesting 
that when apparently recalcitrant organic matter 
is physically separate ftom is mineral mati, it 
Ibecomes “bile” and is rapidly consumed (19) 

‘Both chemical and physical mochanisms must 
play a role, but they have not received similar 
‘tention in quantitative models, Whereas intrin- 
Se reactivity is commonly invoked (8, 9 20), 
explicit consideration of physical mechanisms. 
Inas been rare (2/), To addres this. we construct 
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theoretical mode! that purposely assumes an 
extreme casein which the chemical composition 
‘of organic mater is uniform. Degradation and 
preservation rates instead derive only from the 
physics of diffusion-limited reactions in porous 
media. As we show below, this simple theney 
‘provides predictions that are quantitatively eoa- 
sistent with a variety of observation, thereby 
suggesting that physical mechanisms play an 
important role in setting both degradation and 
preservation rates, 
(Our model assumes that onan mater is 
randomly distributed on the mincal surfaces ofa 
Prous medium populated by randomly distib- 
ited heterotrophic bacteria (Fig. 1) We assume 
that the typical bacterial spacing 75 ~ 0! ase 
sociated with the bacterial mumber density ws 
much greater than the typi pore size of the 
porous mlm, consistent with images abvained 
by microscopy (22). Spatial averaging ofthe por 
routs miu at scak: greater than the pore size 
‘out few thar then provides & continaum ap 
osimation in which cach microbe is embaklod 
smooth porous medio characterized by its 
‘oa frtion (pony) 0 
‘The decay of @ puticular parcel of onsanic 
matter is assure 10 be limited by its accessibi- 
1 hydrolytic enzymes. "Accessibility" ts as- 
sociated with grain boundaries. Its intesprcted 
Diysically asthe frequency / with which min 
sal surface encounters a diasing enzytne. We 
assune that is proportional to the concenteation 
‘of finetonal enzymes in he pore hu near the 
mineral surf, and that enzymes se their 
functionality at rate «. Otherwise ets conserved 
and diftases. within pores with iflsivity D. 
Averaged over lengths much greater than & pore 
size, the volume-averaged concentration 7 = 9 


Fig. 2. Schematic illustration of the main Features 
‘of our model. Ina porous medium characterized by 
its porosity, organic carbon (oe) associated with 
the surface area of dy (¢) and other minerals. x- 
tracellular enzymes are emitted from randomly 
clstributed bacteria (b), iffuse through the medi- 
tum, and hydrolyze organic matter upon contact. For 
simplicity, difusive paths show ony first encounters 
‘of enzymes with solid surfaces. later encounters 
‘occur until enaymes become inactive, at a specified 
rate a, Except fo the random distribution of bacte- 
ria, each of these features i contained in a more 
detailed model proposed by Vette eta. (2). 
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‘of active enzymes therefore evolves according 10 
the reaction-difsion auton, 


BD 


5 


where D isthe effective difisivity in the po- 
ros aggregate 

‘Acomplte wcatmsnt ofthis problem would 
‘require coupling te difision of eto the difasion 
‘ofonganic mater hydrolyzed by is. contact with 
along with the consumption of hydrolysate by 
tactera (21). It woul! abo inlade coupling the 
reduction of enzymes to cneray gained fxm 
hydeolysate. We simplify our analysis, however, 
‘oy asin that the decay of organic matter is 
rateimited by hydeolyis ad that dhe bacterial 
population density and the ux of enuymcs 
‘emanating from each microbe is constant. We 
thn set lea docay rates & cand assume that 
the appropri: solution of Eg, 1, (7) & ir, 
whe ris the distance fom the nearest microbe 
and = (a/ DB)". suftces wo dete f fom 
the relation oe €. These assumptions corr 
spond toa quasistatic fimit in which enzymes 
difiase much faster than microbes, hy lysis 
iscsi, and the porosity fs constant, 
They alo imply tha docascs i hydrolysate 
production represent a decreasing suphas. Ab 
though such excess solubilization suggests ine 
cfiiency at early tes, i is. onsisent with 
rcvious meal cakculations (2/) and obser 
tions of efluss of dissolved onic ate fo 
marine seviments (23) and sinking organic 
aggregates (20. 

These simplifications allow ws 1 expres the 
temporal decay of the total concentation of or 
‘game mate, 0, asa antinuous (20) supp 
sition of fist-ardcr reactions (, 9) weighted by 
the concentration pA) dof onganic matter as- 
sociated with rate & a ime £ Our formulation 
depends on two phcnomenoleial paramctes 
a characteristic concentration pox 440) asing 
feo the requicement that (0) ~ Ip4h.Ohdh, 
anda minnie a fy SRR With 


the typial distance (9) between microbes. Ase 
suming that ms much smaller than the (ae 
‘mum) reaction rate adjacent 10 microbes, we 
bain the approximation (suppoting onlin ex) 


Wak = E(t), 12 Sala 


where + = fas = klik! 
20 Tyan flo isthe dimensiones 
associated With the initiation of observable decay 
at dsnensional tine 1 = fu (i. 8 a cone-top 
sample). Equation 2 iy a special case of the 
active continuum modes introduced by Boudreau 
and Ruddick (20) Its particular form, which d= 
fines the exponential integral Ey(t) (25), derives 
fiom its connections tothe reaction-iffusion y= 
namics of Eq, 1 

For t= 1, an asymptotic eypansion of Fg. 2 
predicts that s(n) decays logarithmically (25) 


yo in, 1 3) 


where 3 = 0772 ss is Euler's constant, The 
characteristic time t~ 1 (i. 1~ Ka) marks the 
termination of the lgarithni doeay. Because 
subsequent decay prec sly. as e823) 
‘we interact /~ kg 8 the approximate time 0 
trial and the elective cesaton of degradation, 
Consett s(t) ~ uF approximates the 
trail concentration and suF(1qune Where 
Amn i the observed concentration at 1 
approximates the burial efficin 


tn 
Assuming 
10 yn 


Tn(Kentan) Br 


Baws 


burial efficiency |neglcting the fictor of 
(0.22) by the tio ofthe dtfuion length [tothe 


is 2 25 3 


109,809 


354 


=0 8 = 2 0 


6 
cra 


Fig. 2. (A) Concentration (weight %) of organic carbon (filed circles) from Pacific~Antarctic Ridge 
sediment core 7812-05 of Reimers and Suess (32). The theoretical curve (smooth line) corresponds to 


Eq. 2 with logo hate 


5.1 (year) and gp = 0.08 (Cag). (B) Rescaling of 23 cores (287 points 


total) with respect to dimensionless anes In kmint and ido. Each core corresponds to a different Kim Go 
fr, Dillerent colo and symbalscorespond to dilerent core. Red coespond o cores undeing 


‘anoxic environments. 


wee sciencemag.org 


bacterial spacing rp. In conjunction withthe fst 
relation, it also shows that as 7 increases (ith 
ln CORSA) hg TENSES expN 
reflosting the longer degradative times asso- 
ciated with loser microbial population densities 
and kes efficint burial 

To test these predictions, we assembled a 
dathase of 23 published analyses of dated seu 
ment cones that span a wile range of environ 
imental stings, from the dexp ocean to shallow 
waters, and from aerobic to anoxic eonditons at 
the sodiment-waterinirace (able S1). Each data 
set provides msurements of the bulk concen 
tration of particulate organic cabo a ie 
where is obtained by dividing depth by the 
avers accumulation rate ¥ of the overlying 
sediment A least-squares it of each core Eq. 2 
provides a comparison between theory and 
‘observation along with estimates of the params- 
{et ky td (supposing online ex) 

Figure 2A shows dats from a single core 
‘ensath oxygens! waters. In this case the fit, 
which is gensrally goo, yickls a value of fia 
that i much fess than the invese of the time 
ciated with the hase of the core, Thus the 

i thooretial curve is nearly identical 

decay of Eq, 3 
Figure 2B shows the data from all 23 cores, 
aller rescaling the eand fae by the estimates 
(of xo and fm fespctively. that derived tom 
‘ach it Theta generally show a reasonable it 
to Eg 2 inching some evidence of diinih- 
ing decay ras nea ~ Kh 

Figure 3 displays the 23 estimates of the 
Date paramctr Aint x. One es tha he 
cons underlying anoxic waters are assoc 
with higher burial concentrations (= 9) and 

ir terminations (he, higher fag) The 
‘otcrvise apparent aay of he data, homens, 
inks the relation between ki anes praised 
by Ea, 4 Figure 38 compares this prcton 10 
ach ofthe Ani fais of Fig, 3A. The good fit 
derives fm the consisiony of the degradation 
ata with he theoretical mol oF Eg 2 


Figure 38 abo shows thatthe variation of 
tem i nt ange and that howe & a tendency 
for both oxi and anon costo cher around 
the mean (Gof) Thus, in Fig. 3C, where we 
te the burial fh Vigo versus the Dus wo the sea 
To Fema We Bind a pw iw a straight Hine 
witha slope of unity in ogaihmic coordinates 
Although anoxia appcars to have fide inflacnce 
‘on bual efficiency (26) (Fig. 3B) its associ 
with a higher burial Mes (Fig. 3C), which ts in tam 
roponional, on average, 40 the fay wo the sea 
Moe erin ofthe cosa of prputionaliy, 
(o/gma) = 0.18, into Eq 4 then yes the mean 
(Ghn)= 5.6, will vals of fir between? and 
11S. Thenamow range offs = (a/D)ry ight 
‘ye related wo the apparent constancy of bacterial 
aunanee with rapecto fai volins (27) If we 
‘ssume D ~ 90 (29) this range also consistent 
With the natural variation of the dimensional 
sonst rp and (27), bat it sugges that 
(ik, ) = 5.6 is atypically large. We therefore 
Inypothesize tha the etctve difsivity D 
9D, because of sertion of enzymes 10 minal 
surfices (9, 29) shickling of organic mater (16) 
in lay-rch microcrvioanents (22), or bath, 
Finally, we retum 10 the slowdown of rs 
Piation rcs discwsed in the introduction, 
Middelburg of af (70. 17) have shown that the phe- 
nomeoogialfctve rate AU”) = find is 
well iby the power hw A= 0.21 = 12% (10, 
Their ft holds over meaty 10 orders of mag: 
nite and inca watercolunnseient-hs 
tain adltion Wo analyses of seaflor sali 
snents, Figure shows simi analyis withthe 
23 cores in our dtabase. Here, rather than 
humic estimating dng fr noisy data, 
we calculate it analytically from Eq. 2. Conver- 
sim back wo dimcrsinal variables then yi 


i(eia 


KW 
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“The approximation is obtained by averaging 
the logarithm of the slowly varying factor in 


REPO! 


parctbeses over Inf, between the average 
tninimum and maximum values of Ih ht 
(695 and 3.19, respectively. Is excelent 
correspondence to Middelburg’s expression 
notable, not only because itis derived with- 
fut any five parameters, but ako because 
indicates that our analysis may abo apply wo 
the decay of onganic maner as i sinks, a 
companied by ballast minerals (30), 0 the sea 
oor. 

The picture that emerges is one in which the 
cay and preservation of marine onganic mater 
aze strony influenced by plysical consis 
4 our model, physical protection (2, 15-19) 
nists itself as spialy varying ett that 
decays rapidly with distance ffom the nearest 
microbe, with a characteristic Fength scale (B!) 
that depends on the active fietme of enzymes 


S 
“~—F é 
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109, 00) 


Fig. 4. The effective time-dependent reactivity 
Ki0) = ~<ingit. Symbols: K computed from Eq. 
5, with estimates of kg Obtained from the fits 
of Fig. 2. Symbols and colors in both figures, 
correspond to the same cores, Straight line: the 
theoretical approximation K = 0.23 x of Eq. 
5, obtained without any free parameters. The 
rightward trends away from the line represent 
the slowing of rates as f approaches Kat. 
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Fig. 3. (A) The 23 fn do Pats used to resale the data of Fig. 28. The 
‘ores underiying anoxic waters (red squares) are associated with higher fia 
and go (B) The sae Ka o Pairs plotted with dimensioness rescaled axes 
‘oldman IN fnicane THe vertical axis is proportional to burial effiency. 
‘The smooth curve i the theoretial prediction of fa. 4, which contains no 
free parameters, (©) Logog plot of the sediment fixes Vo erSu5 Vaan 


2, 
Ho) 


Saket 


where Vgo is proportional to the burial flux of organic carbon and Vous 15 
‘an estimate ofthe flux to the sea floor. The straight line corresponds too = 
(Goldmae'dman Where (Goldman) 
tipied by E{() = 0.22. The coretation between log dg andl 109 Vana 
‘only marginally improved (rom 

of the sedimentation rate V. See fig. $1 fora plot of go Versus Gue 


10.18 fs the mean burial efficiency mul- 
1097 to r= 0.99) by the common factor 
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and their effective diffusivity. Because this 
mcchanism appears be general it seems ikely 
that it should apply to other contexts, such as 
soils (32), where finely divided media restrict 
microbial masiity 
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Origin of Human Bipedalism 
As an Adaptation for Locomotion on 


Flexible Branches 


KS. Thorpe, 


* R. L. Holder,” R. H. Crompton?*} 


Human bipdatsm is commonly thought to have evlved keom a quadrupedal teresta precursor, yet 
‘some recent paleontological evidence suggests that adaptations for bipedalism arose in an arboreal 

context. However, the adaptive benefit of arboreal bipedatism has been unknown. Here we show that it 
atiows the most arboreal great ape, the orangutan, to access supports too flexible to be negotiated 

‘others. Orangutans react to branch lesb tke hamars running on springy tacks, by Increasing 
knee and hip extension, whereas all other primates do the reverse. Human bipedalism & thus less an 
innovation than an exploitation of a locomotor behavior retained from the common great ape ancestor. 


fundamertal question iy human evolu 
Aine in i 

incestors (hominins) beam temestrial 
bipsds, The acquisition of habitual terrestrial 
‘ipodalism is generally taken to mark the 
separation of the hominis from the panins 
(chimpanzees, bonobos, and their ancestors, 
Which form the rest of the hominine subtly). 
his widely held (1) that because the panins and 
the more distantly related goritines (gorilla) 
move on the yround by quadrupedl horizontal 
tnunked knucklowalking, pre-bipedal hominins 
must also have passed. through a terrestrial 


‘Schl of Bienes, Univety of Bimingham, Edgbaston, 
Birmingham B15 27h, UK. “Department of Primary Cae 
and Genes Pace, Unversity of Bingham, Edgbaston, 
Birmingham B15 21, UX School of Biomedical Sciences, 
Univenity of Liverpool Sheringten Buildings, Ashton 
‘tet verpoo 19 3GE, UK. 

“hese authors contibted eal to this we: 

{To whom conespondence shoud be addressed. Eat 
sthaompgtiva. ce 
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Kknuckk~walking phase. Numerous hypotheses 
hhave compsted wo explain how this happened 
[see, for example, review in (2). However, thas 
‘become apparcat that before 2 to 3 mnilloe years 
ago (Ma), carly hominins eceupied woodland 
environments, not open. even bush-savannal 
environments [such as sits including Alia Bay 
(BA Aramis (4), Asa Issie (5), and now Lactolh 
(6)] and that although bominin hindlimbs rapidly 
Decame adapted for terial bipedaism, they 
retained long grasping forelimbs, which are more 
obviously selevant in an arboreal context (3). 
Both facts are more consistent with an arboreal 
‘origin for bipaalism. Indcad, bipedal adaptations 
may amtedate generally accepted dates for the 
‘genic separation of the hominis and pains 
(7. Here we argue that hand-asisted bipedalism 
allows the most arboreal gat ape the orangutan, 
Jo move on exible supports that are otherwise 
too small io 2205s. This seketive advantage would 
ccqually fave benefited the common crown- 
‘hominoid ancestor (he ancestor of Hiving aps) 
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so that hand-asssted arborea bipedal both 
inematicaly and ecologically roe psi 
rious prccunor 0 bexninin bipedality than is 
terest quadupedalis, 

Inthe woos, ronoyrade (horizontal) postures 
ace much ks dorinant in pin and grilling 
Jecowmotion than they are on the grou, bat or 
hope upright postures ae common to many 
types of arboreal wait (8), For example, it as 
then angwod that patisms of motion and muscle 
activity in vera embing (such as imbing up 
and down tre tanks) may have been exaptive 
{pespancd the body) for the adopting of terrestrial 
Iypedalism (9), Although the ts i othowre 

‘sata clinbing, maximum jin extension in 
the hinglins falls well shor ofthe fill extension 
scen in human bipedalis, as indo isthe ease 

nuckle-valking, Overall, both havior scam 
to be highly unlikely precursors or habitual hie 
man bipedalsm (17), Buin on an early ob 
‘ation (7) that orangutan mompoloy isin many 
sos stingy lke that of hoinins, we pro= 
rosa that “erthowsde ela.” which is most 
fiequent in orangutans but cen in all apes, was a 
Kinematclly moe pusinnious precusor for 
bipedal (70). Although the nk isothograe 
in this behavior, body weight i predominantly 
‘home by the fren suspending fon supports 
owe the ead. All aps also exit bie bouts 
of arkowal pedal (2), but in pains and 
orilines the hindlimbs are flexes! rather than 
Sight a they are inthe bipedal of humans 
and erngutans (compar, fr example, the orang- 
twa and chimpanzee in Fig. 1, A and D) 

Despite the universal presence of arboral 
bipedal inthe apes its ict w envisae 
selective pressures fo bipedal locomotion in an 
arboreal cnet In chimpanzees, postural bp 
asm is associated with arborcal foding on el 
tively sable ranches 10 erin diamets, in a 
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similar manner to ther foraging from the ground 
for fruit on low branches (13). Given the static 
nature of bipedal posture, energetic costs, safety 
risk, and hence selective pressures are likely tobe 
weaker on it than on bipedal locomotion. Lange 
stable branches ate also relatively unchal 
However, predictions 
slender unstable branches should be dominated 
citer by onograde suspension [which increases 
stability by placing the center of mass (COM) of 
the body dincetly- under the support (14) «Fig 
1©)] o€ by “eompliant™ quacrupedalism [which 
wolves substantial increases in elbows and hase 
Alexion, smaller vertical excursions ofthe COM, 
nd longer contact times as compared o those it 
‘other mammals traveling at dynamically similar 
speeds to maximize stability and ellcieney (5), 
lar to the posture in Fig. 1B but with 
ster fore- an! hindlimb flexion) 
Amalterative hypothesis s that bipedal toeo- 
‘motion might confer substantial selective advan 
tages on arboreal apes tiling crow baminois 
and protohominins), because their long prehsm 
sile tocs can grip multiple sinall branches and 
thus maximize stability, While freeing one or bx 
hands for balance and weight transfer We tested 
this hypothesis by detemnining the impact of sup- 
port Nexbilty on omograde suspension, qua 
rupedalism, and bipedalism inthe Sumatran 
‘orangutan (Pom abel, the only spscies of 
urea ape to retain a pretonninantly arboreal ie 
iyle (Fig, 1). Although orangutans may have 
refined their arboreal adaptations. since thet 
evolutionary separation fiom thee great aps, 
rece have shown thatthe mechanics of 
‘orangutan bipedalism are more similar to those of 
moder humans than are those of pains and 
iovillines (0), Orangutan locomotion is thus an 
Important rade for reconstructing the early evo 
lation of bpedaism (1) 
cartong (ie stady of wik! Sune 
vtans in the Gunung Leuser National 
Park Q°41'N, 97°39"E}, we obsained 2811 ob- 
servations of orangutan lacamotor out, inch 
ny information on support ameter (a correla 


and is si 
rt 


‘of fesibilty) and whether single or multiple 
supports were used, We perform! a backward 


(ble $1). Loge-lincar analysis és designed for 
analysis of the categorical variables 0 
‘quired in observational Feklwork, and 
by comparing observed frequencies to theoret 
ically expected values predicted by the modes 
The backwant-cimination process beyins with 
the most complicate! moe in this case, a theo 
\way association between locomotion, number of 
supports, ann! support diameter) and iteratively 
seeks the most important associations, deleting 
those that have keasteffect on the model [see(/6) 
for full methods}. The final model derived with 
this method (Tabkss 1 10 3) shows that the 
modality of orangutan locomotion as asso- 
ciated with both the diameter of supports used 
and with their number. Bipedalism was stronely 
associated with locomotion on main supports 
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(Table 2) and with locomotion on the smallest 
suppoet diameters (Table 3, .cm, and combina- 
ions including <4 cm). In contast, quadeupesl 
lism was more associated with locomotion on 
Single (Table 2) lage (Table 3) supports, whereas 
corthograde suspension tendal 19 be pesitively 
associated with the middle-diamcter supports (4 
te 10cm), 

‘Our results are consistent with the prediction 
that bipedalism allows orangutans 19 move on, 
rmuhipk: supports that are more slender, and 
hhence more deformable, than does quadupedal- 
iam oreven onhograde suspension (Table 3). This 
‘confirms our hypothesis that bipedal locomotion 
can confer selective advantages on arboreal apes 
and contradicts predictions that unstable suppots 
ane always best navigated using suspensory 
locomotor modes (/4) oF compliant quadupe- 
lism (15) 

In 75% of the observe bipedal bouts in our 
study, orangutans used their hands for stabiliza 
tion, and in >90% of bipedalism on single and 
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inuliple supports, they used extended hindlimbs. 
The lati contrasts further with the fexes-limb 
i of monkeys and other apes, including panins 
and govilines, whish adopt the same hindlimb 
posture in bipedalism as in quadrupedalism and 
which have limited balancing extensor face ca- 
pacity at the hip and knee (17), However, stag 
Timbed bipsdality is characteristic of normal 
‘modem human walking where it reduces the join 
moments required to exert locomotor forces and 
smiles enengy savings by peidulumlike trans 
formations between potential and kinetic energies 
(8). Stsightlimba bipadality in orangutans 
ly reduce required joi 
‘but the extent to which it may oierwis 
‘nergy savings is yet to be demonstrated, 
‘Locomotion on flexible branches is safer if 
supported fiom above as wellas from below, The 
advantage of hand-assised bipedality is that the 
hhand assistance ensures maximum safety while 
ths bipedalism enables an unloaded hand to each 
ut for fing, weight transfer, ba 


lance inthe 


*y 


Fig. 1. Key positional behaviors in orangutans and a comparison with the chimpanzee, (A) Assisted 
bipedalism, (B) quadrupedatism, and (© orthograde suspension in Sumatran orangutans. (D) 


Assisted bipedalism in 2 chimpanzee. 


Table 1. Associations between locomotion, support flexibility, and the number of supports used by 


‘orangutans. DF, degrees of freedom. 


Log-tinear model expressions oF Standardized 
(ariable relationships) 2 (F10Pt 

{scomotion x support diameter 186.02 @ 1550 

Number of supports x support 515.93 6 85.99 
ameter 

Locomotion x number of supports 3605 2 1803 


letRood vata 7? = B91, OF = & P= O38 = 52 csreatons, A aiicance vale of P= fr the Utd ato 
Indicates a pert ofthe models preiced cr courts to the chsred cell oun, bat vals 5005 ae Spica. ¢The 
‘ektive importance of ascations is iniated by the rank ofthe standard "aes 
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Peripheral branches, where the majority of pre- 
feed fod ares and whare primates must 
cronshetwcen trees EIRestne gapremine 
havior are highly advantages fe pamats, 
psa erssng rather than etcumventing saps 
inthe canopy can dramatically redice the ener 
etc entra espesialy whore a change of 
height within the wee would otherwise be 
retina. Handasited losomt bipcaliy, 
alte unis these song sektive resus, 
sem the mos key evoltinary procunor of 
straighinbod human waking. This proposal sin 
cc with the concn of a compass 
‘similaion of studies of fos momboloes, 
compte modeling, human skeet deelopmen, 
nal experimental icy of ance 
iology (/9), suggesting that, despite differences: 
from humans in bay fon ich asthe i of 
Ion am) the best-known, ta 
iptv fares, wouk! have sen a quite 
feet upright bp, over short distances 

‘We therefore spsculate that foe the gone 
raid ontogrady (subsuming straight inbod 


bipedalty and orthograde clamber) ofthe hypo 
thetical common ancestor of the great apes, the 
locomotor repertoire of Aifican apes diversiticd 
as a reponse W finest canopy fragmentation 
‘events during the Miocene, whike in Southeast 
‘Asia orangutan ancestors became mom spe 
cialized for, and restricted 1o, shrinking closed- 
canopy forest that could be traversed at canopy, 
level In Alea, forest fragmentation alternated 
‘with relosure and reimasion of gallery forest, 
moist woeatland, and rainforest env ronments (2) 
In both panins and gorilines, the height range 
and feoquoncy of vertical climbing locomotion 
must have increased 10 facilitate access 10 pe 
fered foods in the main and emergent canopy 
and crucially abso to fallhack eesti fox sources 
(20) bat at ferent times (2) and in different f= 
fst pps. Although the characteristic hindtimls 
and forelimb joint excursions in vertical elmibing 
are markedly diferent from those in sraight- 
Fimbed bipedal, they ane actually kinematically 
similar to those in knuckke-walking quadruple 
{sm (/0) [bow use relatively extend elbows bat 


‘Table 2. Contingency table for model interaction: locomotion x no. of supports. Entries show row 
‘% and (column %). For example, 69.2% ofall quadrupedalism was on one suppor, and 41.5% of 
all Locomotion on ane support was quadrupedaism. Standardized cell residuals (SCRS) are in italics. 
‘These indicate by ther sign whether an interaction is more (positive values) or less (negative values) 
‘common than predicted by the model and, by their size, to what degree. SCRs greater than +2.0 


Indicate a lack of fit. 


Wo. of supports Total 
1 St 

‘Quadrupedalism 692 15) 308 (28.9) G66) 
19 24 

Bipedatism 29.1 (6.0) 70.9 22.9) 026) 
“4 55 

Orthograde 63. 625) 369 (48.2) 50.9) 
suspension 06 07 
Total ot 389 


Table 3. Contingency table for mode interaction: lacomotion x diameter. For an explanation of 
Table 3, see legend of Table 2. Diameter classifications include single and multiple support use; 
therefore, the diameter classification “<4 cm” combines bouts where only one support of <4 cm 
was used and bouts in which more than 1 support of <4 cm was used. 


b:) sallilcuaae niall, anil ce. saceal 
(eon 

a 163 (7.0) 24 28D 612 09.0) asa) 
41 34 18 

440 20.4 (182) 125 G25) 672430) G26) 
“47 ° 4 

10-20 514 G20) 6101) 425.09.) en 
36 26 -L7 

>20 802 (27.3) 43 (43) 1556.8) aay 
78 25 53 

<4, 4-10 287 (85) waa 515 QL) 08) 
“13 21 on 

4-10, 10-20 525 (62) 50(.7) 2566) 43) 
1 13 07 

<4,10-20 25.0 (0.9) 50.0 (5.1) 25008 a3 
~07 27 13 
Total 366 26 509 
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Axed Knees, shoulders, and hips (movies SI 19 
S3)) Adaptations 1. venical climbing in the 
unin and gorilines would therfore have in 
tread the liketThood of quadrupedal knicle- 
‘walking hosoming selected a the east inci 
itcomotion for ersing brween ines on the 
gound, Selection for foretimb and hindlimb 
force over the wide, but eatively evs ranges 
of motion newesary for safe (2)) and effective 
‘ertcal climbing may then have compensa! 
existing adaptations for stiff-legged arboreal 
bipedal (compare Fig. 1, A and D) and hence 
<Alicioncy in tatestral and arorcal bipedal, 
Js contrast, hominis, retaining existing aap 
tations for staightleeged bipedal, sr 
ficed canopy access by maximizing hip and 
nce force oer snail but ravely extend 
ranges of mation (17,22) exploit the potential 
ofthe contin se rts mic Rr rap 
1 binsdaion 

"This hype provides a adaptive context 
for morphological adapaations to orthogrady, 
sxxh as laa ses of the fan spins, 
found in crown hominoids between 9 and 1] Ma 
[Drei lata an Oryihecs (23) 
sex! from 16.7 Ma (23) 10 a9 mich as 21 Ma 
(24) in fossils assigned to Monntpithocs 24 
fo Usantapithcus major (25). W fais: ex 
Pains the universal presence in fiving apes of 
Kcatures adaptive for vertical trunk (onthograde) 
entre and highly abduct pontuns of the 
feelin (26), Our hypoth ix consonant with 
palcavironmental eviknce that both proto- 
‘hominins close to the chimpanzce’human diver: 
gence (such as Ororin wnt Aniipithecus) and 
txoubiad hoinins [asruloptiecs amen 
ats 4 Ma) and Atestratopsithecus afarensis lived 
fn rotively woods habitus (¥-4, 27) It helps 
resolve the apparent paral tht usa 
8 amamensis and dusraopecus afarensis 
combine (8) hindlimb features adaptive for 
‘eesti bipedal (suc as an ankle joint that 
allows pariagital mation of the leg over the 
Stance foot) with the retention of fon. highly 
abductable forelimbs adaptive for reaching for 
arboreal supports [rather perhaps than for sis 
pension per se (/2, 26), It further explains the 
pare adaption fr bincaliy evidenced in 
chominins dating 1 $107 Ma, which is close 
tor evr antag aco dts hain 
rnin divensence (7), These include claims for 
2 cranium placed dirty above the vertebral 
column in Sahelanshropus tchadensix (28), 
‘but see (29)): habitual and marked hip ex- 
tension in Orrin tugenensis (27) and mot 
iological features of the proximal pal phalanx 
Ofte -5-Ma Aran potooinin assigned to 
Antipithecus ramidus kadabba (4), which imply: 
the carly evolution ofa propulsive ole fr the 
toc in bipedal 

‘Contrary to the hypotess that quadupedal 
‘knuckle-walking as in panins or gorillines was the 
ancestral African ape locomotor behavior from 
‘which borinin bipedal evolve (2), we suse 
{8 that in heomotor divenstction within the 
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Affcan ape clus the panins and goles tht 
Innovate aa the hominis that wene conservative, 
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Genome-Wide Association Analysis 
Identifies Loci for Type 2 Diabetes 
and Triglyceride Levels 


Diabetes Genetics Initiative of Broad Institute of Harvard and MIT, Lund University, 


and Novartis Institutes fo 


Medical Research*t 


New strategies for prevention and treatment of type 2 diabetes (120) require improved insight into 
disease etiology. We analyzed 386,732 common single-nucleotide polymorphisms (SNPS) in 1464 
patients with 12D and 1467 matched controls, each characterized for measures of glucose 
metabolism, lipid, obesity, and blood pressure. With collaborators (FUSION and WICCCUKT2D), 
we identified and confirmed three loci associated with T2D—in a noncoding region near COKNZA 
‘and COKN2B, in an intron of IGF2BP2, and an intron of COKAL1—and replicated associations near 
HEX and in SLC30A8 fourd by a recent whole-genome association study, We identified and 
confirmed association of a SNP in an intron of glucokinase regulatory protein (GCKR) with serum 
triglycerides The discovery of associated variants in unsuspected genes and outside coding regions 
iMustrates the ability of genome-wide association studies to provide potentially important clues to 


the pathogenesis of common diseases, 


isk fictors are caused by a combination 

‘of genstic susceptibility, envizonment, be 
havior, and chance. Whole-genome association 
studies (WGAS) offer a new approach to ene 
discovery unbiased with regard to presumed 
funetions or locations of causal variants. This 
apgcach is base on Fisher's theory fr aklitve 
effects at common alleles (7); human heterozy- 
gosity being substantially attabutable to com 
mon ankestral variants (2); and the hypothesis 
that variants influencing common, lteonset dis 
ceases of modemity may not have been subject 


T: pe 2 dates, obesity, an cardiovascular 


‘Al agtors wh the contrbiions and aliators apeae 
tthe end ot his paper 
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to purifying selection, and has heen made pos- 
sible by genomic advances such asthe human 
‘genome sequence, SNP aex HapMap datahases, 
and genotyping arays (3) 

We studied 1464 patients with T2D and 
1467 controls from Finland and Sweden, each 
characterized for 18 clinical waits: anthropomct 
fie measur, glucose tolerance and insiin se 
cretion, lipids and apolipopesins, and blood 
pressure. The samps were both population- 
based (1022 T2D cass and 1075 cughycemic 
controls, matched on gent, ags. body: mass 
index, and region of origin) and family-based 
(626 sibshipsdisconlant fo T2D: 442 cases and 
392 eueheemic controls: bles SI and 52) 

‘Genotyping of 00.568 SNPs was atempied 
in cach sample. Overall call ate for passing 
SSNPS was. 99.2%. After filing rae and mono: 
morphic variants (1 ~ 69,696 SNPS) and 


sonlying stringent quaiy-contol fiers, high- 
quality gonetypes for 386,731 common SNPS 
‘wore oblained (4). To exten the st of putative 
causa alls txt for association, we devel 
oped 284968 additonal mutimaer Chapler 
{ype texts ase on these SNP genotypes 5, 6) 
The 671,699 alli ets eau (coeeation 6 
flcicat 7? > O8) TA of conto SNPs in 
HapMap CEU (3), 

Each SNP and! haplotype test as assessed 
for association to T2D and each of 18 rts with 
the software package PLINK. (htpmgumh 
Juavard.d porcellplink). For T2D, a weights 
rmetacanalysis was used 10 combine results for 
the population-based and fanily-based subsan- 
pls (2) For quaniative waits, mukivariable 
Tinea of logistic egression with oF without co 
Narites was performed (4). Association ress 
for cach SNP, haplotype test an! phenatyps are 
available (wo ra ited dibtes) 

{In gnomo-wide analysis involving hundreds 
cof thousands of statistical tests, moxest eves of 
bias imposed on the nul distribution can over 
‘whet a small number of true rests, We used 
twee strategies to search for evidence of sy 
tematic hits fom unsognizal population sw 
ture the analytical appwacl, and wsnotyping 
antfacts (7,8), First. we examined the distr 
tion of P-valucs in the population-based sam. 
ne, bring close mth 0 fat expsad 
fora null distribution (nomic inflation 
tage = 108 for T2D). Second e cals) 
sSseciaton statics using EIGENSTRAT, an 
Jndcpcndent meta! hased on principal compe 
sents analysis; P-valics for T2D derived with 
she 1wo methods Were nearly idl (7 = 0.95, 
Fig, 1A), Thin, 114 SNPS from the exteme tail 
of Pras for T2D were genotype With an 
independent ischnoloy. Genotype concordance 
‘was 99.5% indicating that eyen the exreme tail 
of ows P-values snot substan contaminated 
by genotyping acts 
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Although the observed Pave ditto 
closely matches expectation over mest fits ane 
(10> P > 001), an exesss of ow Pals 
‘observed (Fig 1B and ble $3) To evaluate 
the siifcane ofthis ees. we snerated 1000 
permuted wholesome analyses. én which 
‘henesype data were randomized wii matched 
caseconnol groups (). For P-valas between 
0.01 and 0.001, 6370 SNPs wore observed, as 
compre to an averae of $917 [95% conti 
dence ineryal (CI $714 16 6128} in permet 
scans (2 43: P-< 0001). For P< 10%, 128 
SNPs wore observed, compara 1994 [95% Cl: 
(611 121] in permuted scans (Z~ 2.4, P< 0.02), 
These observations support mods in which 
those are few common Variants with ge eft, 
but a substantial numbsr with mods fscts of 
the sot that generate P-values between (01 and 
10°" in 3000 samples 

Given this distbution, and because WGAS, 
are hypothesis generating, We sought replication 
in independ sampkes, An ial set of 107 
SNPs (able $4) was ele on the basis of our 
study (2 89) and by comparison of our results 
with WGAS of T2D (1 = 18) by Wellome Trust 
Case Coniol Consortium (WTCCC) (10) and 
Finland United Stes Investigation of NIDDM 
Genetics (FUSION) (Each SNP was gono- 
typal in 10850 addons subjects (T3D ant 
oni) fom Swe, Pola, and the United 
Stats (able S1) and analy for ascii 9 
TAD under the same geri models the sa 

‘These results, wih those fom FUSION (17) 
and WTOCC'URT2D (10, 123. identify SNPs at 
thn previously unknown loi as influscing rik 
OF 2D with P< 10 (Table 1 and tables $4 


and SS), 

A-SNP on chiomosome 9p (es10811661), 
125 kb from the nearest annotated genes 
(CDKN21/CDKN2B), was selected 0 the basis 


‘of strony asieiation to T2D in our WGAS 


(rank #51) (Table 1; Fig. 2A), Combined anal- 
ysis of data from our scan and replication sam- 
DIS provides stmag evidence for aswciation: 
‘odds ratio (OR) » 1.20, 95% CT 1.07 to 136, 
P= 54» 10%, Independent evidenas of asso 
Cation for the same SNP. phenotype, and genetic 
‘model was obtained by WICCCUKT2D (P= 
107) and FUSION (P = 0.001) (10-12) No 
association with measured quantitative metabol- 
je traits was observed in our scan oF replication 
samples. 

‘An intriguing aspect of this association is its 
location far forn any annotated pene. The rion 
‘of asociation i limited to a 9b region flanked 
bby strong recombination hot-spot, in which Uhre 
are multiple conserved noncoding sequences but 
‘no known genes or microRNAs. A member of 


ate isket regenerative capacity (73) 
‘SNPS in the second intton of 1GF2BP2 were 
seketed for replication on the basis of joint 


analysis of the thise scans (10-12) (Fig. 2B) 
Evidence was weak in our initial sean (P= 
(0,034 for 14402960), but pronounced in the 
replication samples (P = $5 « 10%, Table 1) 
‘Strong evidence wats ebained forthe same SNP. 
phenotype. and genetic model by WTCCC 
UKT2D (P= 10-4) and FUSION «P = 10°) 
(10-12). These SNPs showed no association 10 
neasured quintitative metabolic tails in our 
sean o¢ repheation samphs. 


Insulitike growih fxtor 2 binding prtcin 2 
(IGF2BP2) belongs to a family of three mRNA 
‘inging protcins with allinity for kzadcr elements 


fn the untranslated regions of AGF: transcripts. 
amily mombers hind with weak ssquence spoc~ 
ificiy and are énypcated ia teanspon of RNA, 
targets to enable protin synthesis at specific 
locations in the cell (4), The IGFBP homolog, 
is necessary for pancreas development in Ne 


01234 
EIGENSTRAT (-logP) 


5 6 7 


01234567 


Expected (-logP) 


Fig. 1. P-value distribution forthe association with type 2 diabetes. (A) P-values obtained from the 
Cochran-Mantel-Haenszl stratified test implemented in PLINK are plotted (s logy valves) as function 


‘ofthe corresponding P-value computed by EIGENSTRAT inthe 


caselcontrol sample (n= 


population-based. 
2097) These distributions are strongly corelated (* = 0.95). (B) PP plot forthe combined ( sore) 
association analysts of type 2 diabetes in the population-based case/control sample and the discordant 
‘sibships (n = 2,93). The P-values for the corresponding Z scores are plotied (a5 ~10qyo values) as a 
function of Paalues from the expected (uniform) nal dstebution. The observed dsbuton matches the 
‘expected distribution closely and shows an excess in the tail at P< 107. 
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pus U5), and IGF2BPS wansecoie mice exhibit 
sxinardocl pancreatic metaplasia (16). 

‘We selec a SNP in a 90-kb into within 
CDKALI (957784840) fr replication om the basis 
6 nominal association in our scan, WTC 
(0, and FUSION (11) (Table 1) Analysis of 
the Scan and replication samples (Fig. 2C) 
supports association under the same phenotype 
and genctic model (OR 1.08, 95% C1 1.03 10 
1.14, combined P= 0,0024; Table 2), as docs 
evidence fiom WICCCUKT2D (10, 12) (P= 
10°) and FUSION (11) (P= 001) (Table 1). 
The risk allle was nominally associat wih 
reducad insulin secretion in contols ftom our 
scan (P= 0.01 for insulinogeni inex), 

CDKALI is homologous w CDKSRAPI an 
inhibitor of yetinaependent kinase CDK: 
CDKS tanssuces glucotoicity signals in pane 
cxeatic beta cells (17). As with the other var 
fants, how SNPs in CDKALL might inluence 
tisk of T2D awaits futher inestgation. 

Common variation in an ion of TCF7L2 
Jas hoon opreacibly associat with T2D (1) 
In our WGAS, TCF7L2 was the thinlrankod 
association (Fig. 2D, P< 3» 10°) and was 
among the top results in each ofthe thre other 
wwellpowensd whole-genome seans of T2D 
(10, 11, 19) Table 1). The consistency of these 
findings sugyssts dt TCF7L2 is the single 
Aanget effect of a common SNP ont T2D risk in 
Europsan pepulions. Associations in ACNIIE 
(20 ad PPIRG 21) were no stony observa 
fin any single scan, but acrons the thre seans 
wove P< 10% ant P< 10° espatvely 
(ble 

In 2007, Sladck of ul, (/9) rp four 
previously Unknown associations 19 T2D in a 
WGAS, wo with purtcularly stong evidence of 
replication (HEN and SLC), We content 
association at HEN (Table I; Fig. 2E) in our 
scan (OR = 18, P= O01) and in replication 
ssmtyping (P= 10, as do WTCCCURT2D 
(= 10%) (10, 12) and FUSION (P= 0.03) 
UD, Av the zine wansporter SLCHAS, our data 
‘wore ess compelling (P = 0% in ur scan and 
P= 001 in epiaton samples. but convincing 
evidence was obtained by WICCCUKT2D 
(10, 12) (P= 10) and FUSION (P= 10) 
(11), We observed no evidence for association at 
1LOC387761 n= 7401, OR ~ 1.00, P= 0.93 for 
‘8 7480010) andl EXT2-ALNY (1 = 7401, OR = 
1.06, P= 0.12 far x3 740878), nor was evince 
ane by WTCCC (10) or FUSION (11) 

‘We observed intriguing replication signals 
at additional loci (10, 12). For example, 
{s1706137 in F/398370 was associated ih 
T2D in ou sean (OR = 1.27, P= 3.7 = 104) 
and replication (OR = 1.09, P= 3.1 < 10°, bat 
‘vain WECCC (10) o¢ FUSION (1) (Table 1). 
Simi. 6698181 in PAN? demonstata eve 
nce in our sean and replication samples (P = 
53» 10°) and in FUSION (/) (P= 10°, but 
not WICCE (10) (P = 093). Genotyping in 
smpxe samples s noaled to resolve these and ater 
hiypatheses 
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For validated foi, variability in Significance 
across studies may appear suprising, and sug 
gestive of hetemgencity. However, formal texts 
for heterogeneity in eflect size were not signif- 
cant (P > 0,05), Moreover, ina simuloted asso- 
ition study of 1500 cases and 1500 controls, 
allele frequency of 20%, and an OR of 1.20 per 
‘copy, the median P-value was 10-4 bat ~5% of 
simulations P-values were 90.025, and 3% of 
P-values were <1". Thus, substantial variabil- 
ity in rank andl significance is expected where 
power is modest particularly ifa SNP is selected 
tase on the study with an extreme P-value. 


Fig. 2. Regional plots 


We alo performed geonme-wide analyses for 
18 clinical traits (able S2). The distbtion of 
P-values Was silo that observe foe T2D, with 
hse mach wo expectation ude th nil hyp 
sss anda mndest excess of sigma in the tal table 
'3). We obsened stone evidenas (P< 10 rik 
in the tap 10) for sx reviosy soporte comm 
‘arian tht invlusce lip evel able $3). 

‘A previously unknown association with 
Iwighyeridcs was observed for 780004 (P = 
3.7 = 10), explaining 1% of residual variance 
in tigheeride kvels (Fig. 2F: fig. SIA). This 
single SNP was test in $217 india foe 


the Malm Dist and Capoer Study, Cardiovase 
cular Arm (MDC-CVAY: the association repli- 
sated (P= 8.7 » 10°) (Table 2, fi. SIB). The 
association Was observed by FUSION (P= 10 
comirals; P= 10° cases) (11), 

SNP (Rs780004) isin a lange block of LD, 
spanning 416 kb and 16 genes. The SNP te 
sides, however, within a highly plausible biolox- 
‘cal candidate gene: placokinase regulatory protein 
(GCKR). GCKR regulates glucokinase (GCK), 
the first glycolytic enzyme. Adenovirabmediated 
‘overexpression of GCKR in mouse liver increased 
GCK activity and lowered fasting blood gli. 


1GF2802 region 


of Sc confimed asic 
ins For each ofthe (A 
COKN2AICOKN2B, (8) 
1or2ar2, (€) COKAL, 
() TCFPL2, (E) HHEX 
regions asocted with 
120 and (GOR eon 
asiodiated_ with iglye 

hae es grep 
SNPS in the OG genome 
‘can are plated th thee 
Prue (a5 L930 val 


carrer 


2 
coneowr tn i) 


es) as function of ge- 
nomic poston (ith NCBI 
Bull 35) In each pane, 
the SNP with the: mast 
signifkant asocation in 


‘the DG combined analysis 
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‘the genome scan (ved 
domond), Estimated e- 
‘combination rates (taken 
from HapMap) are pated 
to reflect the local LD 
structure around the asso- 
ciated. SNPS and their 
omtelated proxies (ved: 


= 08; orange: 0.5 < 
7 <0.8; gray: 0.2 <7 < 
0.5; white: ? < 0.2). 
‘Gene annotations were 
taken from the Univer 
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Table 2. Associations results fo lipid/apolipoprotein traits in the top 100 of the DGI genome scan. 
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‘cose (22); overexpression of GK in liver fed to 
Fowered blood glucase ad increased trighe= 
cide levels (23, 2), 

‘On the basis of these findings, we examined 
measures of glucose homeostasis fs both our sea 
and replication samples, the T allele of x 700: 
trendat! toward association fo lower glucose (P 
10.10, P= 0.02 respectively) es insulin resistance 
(HOMAAR P< 005 and P< 001, and lower 
risk of T2D (P< 1120, P< 003). The association 
‘of higher triglycerides with lower bho! whicose 
reverses the coraion nonnally seen in humans, 
‘but is consist with overexpression sialics of 
GCKR and GCK in mouse models 
‘we cartiad out WGAS for T2D 
ts. With collaborators we pro- 
Vide competing evidence for associations a three 
previously unknown loc with isk of T2D, the fine 
replications of two aklitional TD los, anda pre= 
Viously unknown association totriglyosride vel, 
Including long-ecognized associations, our dat 
Provide strong support for 1S common variants as 
inlucneing TAD ana lipid kel in European pop 
ulations. The annotations of the new 2D genes 
suggest a primagy role of the pancreatic hota cell, 
bout rnicl addtional work will be roguired t9 
‘develop snd test this hyperhesis, 

(Our results have goncral implications foe 
uenome-wide association studies of common 
diseases. The modest effect of each SNP dem 
‘onstrate that large sample sizes will be required 
to discover and validate genetic risk fictoes for 
common disease. Ahhouwh the eight T2D var- 
fans discussed in this report cach conveys a 
‘substantial population atributable risk (3 10 27% 
at each locus), each contributes very modestly 10 
‘overall variance in diabetes risk (104 to 05% 
~2:3% combined acres the eight SNPS). Thus, 
‘many more variants remain to be found as risk 
factors for T2D, and many questions remain 
about the balance between common and rare 
variants, SNPS and copy-number alterations. 
rain effects and epistass. Additional associ 
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Variants may be found in or near thee Loci, as 
thas boen the eas for other examples (25-31), 

‘The mest notable axpoct ofthis and ether sush 
staies may be the generation of new hypotheses. 
Before this work, few would have anguad that 
these genes and noncoxtin sonomic regions Were 
a high preity for T2D reseuch. Now, on the hats 
(of thir valida retionship 10 disease, it evie 
det that they shook! be explored and undrstoa. 
The ability wo discover etiological factors that fll, 
‘outside previous biological hypurheses is a mujer 
motivation for unbiia genome-wide appeals 
and is well suppor by thee an other emerging 
dat om goncmewide accion sais, 
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Replication of Genome-Wide 
Association Signals in UK Samples 
Reveals Risk Loci for Type 2 Diabetes 


Eleftheria Zeggini, \2* Michael N. Weedon,?* Cecilia M. Lindgren,*7* Timothy M. Frayling,?4* 
Katherine 5, Elliott” Hana Lango, * Nicholas J. Timpson,” John R. 8. Perry," 

Nigel W. Rayner," Rachel M. Freathy,"* Jetfrey C. Barrett,” Beverley Shields,* 

‘Andrew P. Morris,” Sian Ellard,** Christopher J. Groves,? Lorna W. Harries, 

Jonathan L. Marchin,” Kathavine R. Owen,® Beatrice Knight* Lon R.Cardon,” Mark Walher,* 
Graham A. Hitman,” Andrew D. Mortis, Alex. F. Doney,”® The Wellcome Trust Case Control 
Consortium (WTCCC),t Mark |. MeCarthy,"#35 Andrew T. Hattersley! 


‘The molecular mechanisms involved in the development of type 2 diabetes are poorly 
Understood. Stating from genome-wide genotype data for 1924 diabetic cases and 2938 
population controls generated by the Wellcome Trust Case Control Consortium, we set out to detect 
replicated diabetes association signals through analysis of 3757 additional cases and $346 controls 
and by integration of our findings with equivalent data from other international consortia. We 
detected diabetes susceptibility loci in and around the genes COKALZ, COKN2ACDKN2B, and 
1GF2BP2 and confirmed the recently described associations at HHEXIDE and SLC30AB. Our findings 
provide insight into the genetic architecture of type 2 diabetes, emphasizing the contribution of 
multiple variants of modest effect. The regions identified underscore the importance of pathways 
‘influencing pancreatic beta cell development and function in the etiology of type 2 diabetes. 


sake. The Welkome Trust Case Control Consorti- 


he pathophysiological basis of type 2 
| dinbetes (T2D) remains unclear despite 
its growing global importance (J). Can 
dlidate gene and positional cloning efforts have 
‘suggested many putative susceptibility variants, 
but unequivocal replications are sof limited 19 
Varian in just three genes: PPURG, KCNUIL, 
and TCF7L2 (2-4), 

Improved understanding of the corebation be 
Iowcen genetic variants finkage disequilibrium 
{(LD)}-ali to advances in genetyping technology, 
have enabled systematic searches for disease 
aséciated common variants on a genome-wide 
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‘um (WTCCC) recestly completed such a genome 
wide association (GWA) scan in 1924 T2D cases 
‘and 2938 popubstion corgrots from the United 
‘Kingsom, using the Affymetrix GeneChip Human 
Mapping $00 k Amay Set (5). The strongest 
association signals genome-wide were observed 
for singke-nucleotide polymogphisms (SNPs) in 
TCF7L2. [For example, for 157901695, ods ratio 
(OR)= 1.37, 95% confidence interval (1) = 125- 
1.49, and P= 67 » 10°] The other known T2D 
susceptibility variants were detected with eflict 
‘sizes consistent with previous reponts (2 3). 
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Here, we describe how integration of data 
fons the WTCCC sean and our even replication 
‘sudies with similar information generated by the 
Diabetes Genetics Initiative (DG) (6) and the 
Finland: United States Investigation of NIDDM 
Genetics (FUSION) (7) has identified sever 
ditional suscepsbilty variants for T2D. 

In the WTCCC: study, analysis of 490,032 
asiosomal SNPs in 16,179 samples. yilded 
489448 SNPs that passed initial quality contol 
(5), We considered only the 393,453 autosomal 
'SNPS with minor allele frequency (MAF) exe 
sxeding 1% in bodh cases and contols and no 
cexieane departure from Hardy-Weinberg eg 
Abrium (P< 10° in cases or controls) (8) This 
T2D specific data set shows mo evidence of sub 
stantial confounding trom population subst 
ture and genotyping biases (8) 

‘To distinguish true associations from those 
reflecting luctuations under the null or residual 
cero arising fiom aberant allele calling, we fist 
sated putative signals fom the WTCCC study 
1 additional quality control, incluling cluster 
plot visualization and validation genotyping on 
a secon! platform (8), Next, we atlempied rep 
ication of selected signals in up to 3757 addi- 
tional cases and $346 controls (replication sets 
RSI t0 RS3). RSI comprised 2022 cases and 
2037 controls froma the UK, Type 2 Diahetes 
Genetics Consortium collection (UKT2DGC) 
{all from Tayside, Scotland). RS2 inclixled 632 
addtional T2D cases and 1750 population con= 
twols fiom the Exccr Family. Sualy of Child 
Health (EFSOCH).A subset of SNPs were typed 
jn RS3, comprising a further 103 cases. and 
1559 controls fom the UKT2DGC (table SD), 

The fit wave of validated SNPs sent for 
replication was selected from the 30 SNPs, in 
nine distinct clromosomal regions (excluding 
TCF7LD), which baad, inthe WTCCC scan alone, 
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attained the most extemne (P< 10°) significance 
‘ales on Cochran-Annitage ists of association. 
‘enotyping of 21 repesentatve SNPs generated 
evidence of epication (P< 008) for the of 
these nine regions (Table [and table $2) 
-RS80S0136 [upping wo the FO (ft mas ard 
besi-asciaad) gene region on cil6) was 
among acheter of SNPS gsncating the stort 
evidence far asseiton ouside TCFT7L2 in the 
‘original scan isk allele OR = 127 (116-137), 
P=2.0 104 ig, $1). This SNP showed ste 
replication [OR = 122 (1121.32, P= SA» 
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107]. As we recently reported (9), this effect on 
“T2D risk is mediated through a primary effect 
‘on adipesity, and adjustment for body mass 
inex (BMI) abolishes the T2D association, 
Replication was alo obtained for SNPs within 
the CDKAL $ocus on chromesome 6, including 
‘S46S87I and 50846598, Akthough 9946887] 
‘generated the stronger signal in the WTCCC 
sean, replication at this SNP was modest (P = 
0.023). The replication sisal at 5104398. was 
rave striking [OR = 1.14 (107-122), P= 84 
10°] Table 1 and table $2). Consisent evidence 
‘oF association is provided by the DGI(P = 4.1 
10* at 157754840) and FUSION groups (P 
95 ~ 10°? at 471253) (Table | and table $3) 
(6, 7 both SNPs being strong (7 > 0.99) 
proxies for rs 046398. Across all sudiex, com 
bined evidence for association at CDKALI is 
Ww", 
sp 10 a large (90 kb) 
1) Planking re 


intron within COKALL (Fi 
combinatio 10-Kb inter 
‘al likely wo contain the etiological variants, 
CDKALI eyclinsependont kinase $(CDKS) 
regulon subunit sociated protein Ile 1) 
encodes a S79esidus, 6S4D protein of un- 
[known fumetion We have detected expression 
of CDKALI mRNA in hurnan pancreatic ike 
and skeletal muscle (fig. S2), CDKAL shares 
considerable pron and amino acid 
homology with CDKS regulatory subunit as- 
sociated otcin | (CDKSRAPI), a known in 
hibtoe of CDKS aetvation. CDKS tas been 
implicated in the regulation of pancreatic beta 
«el function through formation of p3SCDKS 


o- 
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complex tat down-regulate inslin expression 
0, 1, 

“The third replicated association maps 10 
the HHEX (homeobox, hematopoistically ex 
resed) gone region on chromesome 10, This 
ne showed sang avwation in the WTCCC 
sean [79015460 shale OR ~ 122 (CI, 12 
133, P54 10°] and isa power bolgical 
canine (/2, 13), We gould not optimise a 
plication assy for sS01S480 but observe 
cvidenos for plication at a pero proxy, 
‘SINII87S rik allele OR ~ LO8 (C1, LOL 
115), P= 02] (Table 1 ables SP and $3), Both 
DG and FUSION ses showed modkst but 
consistent sociation signals generating rong 
combina evidence (P~ 57 » 10°") fra rein 
T2D sweepiiity (Table | and tle $3). A 
fourth gonome-wh association sean, in French 
subj, really yielded inden evidence 
fara T2D signal in this rion (4). The signal 
resides within an extended (295 kb) ezhon oF LD 
containing not only HIZEX Uhighly expres in 
fsa and adult pancreas (ig, $2) but abo the 
ages enceaingkinesin-niercting ctor (KVET/) 
ana insulin-dgprading cwzyme (IDE) (fix. $3). 
IDE represents a second stiong. biological 
candidate given postulated effets on oth 
‘sulin signaling and ike function and data 
fiom rodent mods (15-17) 

Of the remnining regions seed in the fin 
wave, nove showed any evidence of replication 
fy UK saps ale $2, and for none wasthete 
song spent fn the DG and FUSION seas 

The relatively strict thresholds imposed for 
SNP seleton in the fist wave (ie, poin-wise 


Fig 2. (left) Overview of COKALT signal region. (A Pot of og) values for 
72D (Cochran-Armitage test for trend) against chromosome position in 
Mb. Blue diamonds represent primary scan results and pink bangles 
denote meta-analysis results across all UK samples. (B) Genomic location 
‘of genes showing intron and exon structure (NCBI Build 35). Pink 


conservation. (D) GoldSurfer2 (25) plot of linkage disequilibrium () for 
SNPs genotyped in WICC scan (passing T2D-specific quality control) in 
WICC T2D cases. (E) Recombination rate given as <M/MB. Red boxes 
‘epresent recombination hotspots (26). (F) GoldSurfer plot of linkage 
<isequilibrium (72) forall HapMap (haplotype map of the human genome) 


RTS L 


triangles show position of replication SNPs relative to gene structure. (C) 
MULTIZ (24) vertebrate alignment of 17 species showing evolutionary 


‘SNPs across the region (Haphtap CEU data) (27). Fi 
‘of chr9 signal region. Panel layout asin Fig. 1. 


2. (right) Overview 
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P-< 10° belpt imi ase discovery, but many 
genuine swept variants wil fil wo wach 
them. We iit a scaond wave of replication 
tra around SNPS for whic dhe WTCCC sean 
enerated mite modest evince for esos 
(Coctran-Anmitage P~ 10 to 103) We poe 
iad the $367 SNPS in this range wine a 
onl criteria (i) evidenee of association in DGL 
and FUSION (6, 7 (i) presence of multiple, 
independent (7 < 0.4) associations win the 
same locus; an i bloc candy (8, 9) 

Amiysis of the $6 SNPs, representing 49 
putative signals, selected fo his "scooed wave” 
‘of replication (able S4) yi wo funber 
regions implicated in T2D suscepibility. A 
cluster of SNPs on ehromesome 9 (eprescatsd 
by mslO811661) generate a promising signal in 
alle scans. Replication was observed in UK 
samples IslOSH1661: OR = 118 (Cl, LON 
1.28) P= 1.7 = 10-4, as well as DGL (P= 22 » 
10°) and FUSION alo-upstacics (02385208, 
P= 97 = WL A sscord signal fom the 
WTCCE sean loxated 100 Kb $* [S64398, 
OR = 1.16 (Ch, 07-127), P= 32 = 10) was 
weakly supported ia the FUSION sean but not 
the DG sean (Table 1 ana able 3), and as 
replicate in the UK. RS samples [OR = 1.12 
(Ch, 108-1.19), P= 86» 10) (Table 1 ad 
table $3) 

Ths hwo sociation signals re spared by 
«recombination hsp (1 between 1081146 
fan! BS64I98 & 0087, P= O01) «Fig. 2) 
‘Across all suis, the combina evidenes for 
‘sociation in tong forthe 3(P 78 = 10°!) 
than fr he 8° (P~ 1.2 = 107) peak (Table 
“The ¥ signal maps to sequen with char 
teria gone, whewas the recombination interval 
cnclsing the $°sgnal includes the fll cxing 
quences of CDKNZW an CDKN2A (eco 
ing pls and plo™**, respectively), 
CDKN2A is kyo tumor suppressor and 
its product, pt6"™**, inhibits CDK (eyetin- 
dependent kinase 4), a powerful regular 0 
pomnereatis het cell repiaton (/9-27), Overer~ 
pression of Cilbr20 leads 0 dsereased iskt 
prolfraton in aging mice 22). Clbe2h over 
expression is abo causily rated to ist hypo 
pasa and diabetes in murine models (23). Bo 
CDKN2B axl CDKN2A dplay high levels of ex- 
reson in pancreatic sts an pity (i. $2) 

‘A fi replicated association bes within the 
IGF2BP2 gene on hronwsome 3. We observed 
some evidenee of asoxiaton foe SNPS in this 
region inthe WTCCC sean (5) [ero 42940 
OR ~ 115 (CI, 105-128, P= 17 » 10°) 
Consistent associations inthe DG and FUSION 
scans (6, 7) andthe biological eandidcy ofthe 
zene [a known regulator of insalin-tike grow 
factor 2 (GE2) vanshtion} prompted. replica- 
tion, We obiained only modest evidence for 
replication at r402960 [OR = 1.09 (CL LOL 
116), P= 01S} (Table 1 and table Sd, but 
combined evidence across all tues (P86 = 
10° exablises this as a genuine T2D signal 
(Table 1 and table $3), The assocatad SNPs 


map to a S7-kb region spanning the promoter 
and first 2 exons of IGF2BP? (fig. $4). 

Most of the remaining $0 “seoond-wave 
SSNPS can be discounted as susceptibility var- 
iamts hosed om ther failure to replicate (able 
‘S4), abough some merit futher consideration 
‘One such example is 936425, located $7-kb 
downstream of the VEGFA vascular endethsial 
growth factor A) gene on chromosome 6 (fi 

Evidence for assoxition in the WICC 
sean [OR=1.16 (Ch, L.06-1.27, P=86» 10-4) 
is supported by nominal replication in U.K. 
samples [OR = 1.08 (C1. LOI-L.1S} P= 0.03), 
ang by DAGI scan resus [1.17 (1,081.32), P 

4» 10}. Aldnough no signal x apparent inthe 
FUSION study, this doos not allow us 10 reject 
the asociation. For 8% power to desc an OR 
of 1.11 (a= 00), more than 3000 case-control 
rs are needed 

nthe French genome-wide scan (14), vat- 
fants i both the HIMEN and SLC3UAN genes 
wore implicated in T2D susospibly, Bevause 
the awociatad SNPs in SLC30AN are poorly 
captured on the Affymetrix chip (7 < 0.01), the 
WTCCC sean was nt informative for tis ews 
However. we genotyped 913266634 indepen- 
ddenily ant obtained replication of the fining 
[risk allele OR = 1.12 (C1, 1.08-1.18), P= 7.0 s 
10° in all UK ta and aro altro tis 
(P=S3» 10) (able 1 and table $4) 

The preset analysis has onto iden 
tiation of several evar T2D susceptibility 
Joi. One of thee (FTO) exerts its primary effet 
‘m1 T2D risk through an impact on adiposity (Ye 
None of the oer signals was atone by ade 
justinent foe BM or waist cicumference (tables 
SS to ST) One of the remaining four koi 
(HEXADE) sepecses song esplicaion of 
findings recently reported (4). The ether three 
loi (near CDKALI, IGF2HP2, arab CDKN2A), 
all showing extensive replication acwss. the 
three studies, represent previously unknown 
TID susoepaibiity boi 

‘Across the four T2D scans completed 
(5-7. 10, TCE7L2 clea emerges a the Ingest 
asseciaton signal On current evicnss all other 
continnet lo display more modest eft sizes 
Atetoen 1.10 and 125 per allele). Extensive re 
soquencing and finc-mappang will erie to 
define the fall spectrum of etiological variation 
at cach Focus. and these may yet identify var 
janis with greater impact. Our findings offer 
clear Ieswons for the design of fture studies. 
Robust identification of variants with soxh efcct 
siass is only feasible with lagcscale sample 
sets (13.963 individuals were typo in the 
present staly) Further, the exchange of dita 
berween groups roving data cn up 19 32.554 
samples) was key 0 the rapid and unequivocal 
identification ofthe signals we eport. 

‘Asa reat ofthe four GWA studies ported 
to date (5-7, 14), the number of genuine, rep- 
Fic T2D suscepnbilty signals tas climbod 
from thos to nine (adding HHENIDE, SLC3048, 
CDKALI, CDKN24, IGF26P2, aad FTO). 


REPO! 


However, these loci explain only small 
‘proportion of the observed familiality (the 
sibling relative risk, %atrbutable 19 all oct 
in the UK. samples, s only ~1.07), We expect 
aitional loci to be revealed by further rounds 
‘of roplication initiated by more systematic meta 
analysis of these and other seans. Our study 
‘provides an important validation of the genome- 
‘wide indirect association mapping approach and 
a demonstration ofthe value of aggressive dat 
sharing efforts, It also generates insights inte 
T2D pathogenesis, emphasizing the ikely im- 
portance of pahways involved in pancreatic 
beta cell development, regeneration, and 
funetion. In-depth physiological and functional 
suaies are now needed to establish the precise 
‘mechanisms involved. 
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A Genome-Wide Association Study of 


Type 2 Diabetes in 


Finns Detects 


Multiple Susceptibility Variants 


Laura J. Scott," Karen L. Mohike,? Lori L, Bonnycaste,? Cristen J. Willer,” Yun Ui," 
William L, Ouren,* Michael R. Erdos,” Heather M. Stringham,” Peter S. Chines,” 
‘Anne U, Jackson,? Ludmila Prokunina-Olsson,” Chia-Jen Ding,” Amy J. Swift,” Narisu Narisu,” 


Tianle Hu, Randall Pruim,* Rui Xiao," Xiao-¥i ti," Karen N. Conneely,* Nancy L. 
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Identiying the genetic variants that increase the rskof type 2 diabetes (T2D) in humans has 
been a formidable challenge. Adopting a genome-wide association strategy, we genotyped 1161 
Finnish T2D cases and 1174 Finnish normal glucose-tlerant (NG) controls with 335,000 
single nucleotide polymorphisms (SNPs) and imputed genotypes or an additional >2 milion 
autosomal SNPS, We carted out association analysis with these SNPS to identity genetic variants 
that predispose to T2D, compared our T2D association results withthe results of two similar studs, 
and genotyped 89 SNPs in an addtional 1215 Finnish 120 cases and 1258 Finnish NGT contol. 
‘We identity T2D-associated variants in an intergenic region of chromosome 1612, contribute 

to the identification of T2D-associated variants near the genes IGF2BP2 and CDKALI and the 
region of COKNZA and COKN2B, and confirm that variants near ICF7L2, SLC3OAB, HHEX, FTO, 
PPARG, and KCNJ1¥ are associated with T2D risk. Tis brings the number of T2D lod now confidently 
identified to at least 10. 


pe 2 diabetes (T2D) is a discase charae- (GWA) studies that farther define the genctc 
| resistance and impuind architecture of T2D and idemtity biological path= 
function that affects ways involved in T2D pathogencsis 


170 million people worldwide (1). With firs 
‘degree relatives having —3.5 times as mvc sk 
as compared to individuals in the gencral midlle- 
hereditary factors, together 
ye and behavioral factors, play an 
mportant role in determining T2D risk (3). To 
date, intense effons to identify genetic risk factors 
in T2D have met with only limited sucess. This 
study, reports from our collaborators (4-6), ant 
the rovently published work of Sladck ef al. (7) 
describe results of genome-wide association 


‘We genotyped 1161 Finnish T2D cases and 
1174 Finnish NGT controls 00 317,803 SNPS on 
the Mlumina Humant sp 3X) BeadChip in stage 
1 of a two-stage GWA study of T2D (8). These 
samples are fren the Finland - United States I= 
vestigation of Noo-Insulin-Depensent Diabetes 
Mellitus Genetics (FUSION) (9, 10) and Finck 
2002 (17) suaics (tables SI and S2A). Among the 
317,503 GWA SNPs, 315,635 had >10 copies of 
the less common allele [minor allele frequency 
(MAF)> 0.002} and passed quality-control crite 
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fia (8), We testa these 315,638 SNPs fess 
siaton with T2D using anode that is adltve on 
the log-exkds sale (Table and table $3 and $4) 
(8) We observed a modest excess (41 obverved 
versus 31.6 expected; P= 0.19) of SNPs with 
P vals < 107 (ig, SI, These resus argue 
against the existence of mip comaman SNPS 
witha impoet on T2D discas rik but are 
consistent with the presence of mulipk cxnmon 
SSNPS that each confer most sk. The ests 
also suggest that the matching of eases and con 
twos by bi province, sex, arn age (8) has boon 
success in support of this conclusion, the 
genomic contol (/2) corcction val is 1.026. 
‘Analysis of our Mumia Hua ap 300 data 
allow us to query much of the known SNP 
‘aration in the genome, Ts increase this pro- 
portion, we developed an imputation methox! 
uses genotype dita and inkage die 
(LD) information from the HapMap 
<u Polymorphisme Humain 
(Wish residents with ancestry from northern and 


oeparment of estattis and Center fr Statist 
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Grong, Chapa Hil NC 27599, USA. "Gene Technol 
(37 ranch, atonal Human, Genome Reseach Institute, 
Bethesda, MO 20892, USA. “Department of Mathematics, 
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USA. "center for Inherted Disease Research (CDW), 
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Gifomia, Los Anges, Ch 90033, USA. "Deparment of 
Prevente Medicine, Keck Scheel of Medicine, Uniersiy 
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“Deparment of Prsicogy and Bap, Keck School a 
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westem Europe) (CEU) samples to predict 
{genotypes of autosomal SNPS not genotyped in 
‘our subjects. A total of 2.09 million HapMap 
CEU SNPs (14) had imputed MAF 
FUSION and passed our imputation qualiy~ 
control criteria. In the HapMap CEU sample, 

mputed SNPs passing these criteria increased 
‘coverage of SNPs with MAF >1% from 71.9 10 
89,1% at an 7? threshold of 03. 

To inencase the statistical powerto detect T2D 
predisposing variants, we compared our stg 
1 results w GWA results fiom the Diabetes 
netics Initiative (DG and the Welleorne Trust 
Case Control Consortium (WTCCC). We 
selected 82 SNPs for FUSION stage 2 follow 
Uup genotyping based on evidence from: (3) 
FUSION-genotyped and FUSION-imputed 
SNPs; (i) a combined analysis of GWA results 
from FUSION, DGI, and WICC: and 
previous T2D association results, For i and (i, 
Wwe used a prioritization algorithm that advan 
taged SNPs based om genome annotation (8) 
(table $7) and gave preference to genotyped 
SNPs over nearby imputed SNPs. We success 
fully genotyped 80 ofthe X2 SNPS in our stage 2 
sample of 1215 Finnish T2D cases and 1258 


Finnish NGT contmols (8) table S28) and carticd 
‘out joint analysis of the combined FUSION 
stage 1 + 2 sample (table $5). DGI (4) and 
United Kingdom T2D Genetics Consortium 
(UKT2D) (5) imestizators also followed up 
DG and WTCCC GWAS by genotyping rep- 
Fication samp. 

We confirmal well-established T2D asso- 
cations with TCF7L2, PPARG, and. KCNII 
(Table 1) (5-18), SNPs in TCFTL2 reached 
_genome-wik significance in the FUSION stag 
1 + 2 sample (ods ratio (OR) = 134, P= 13 
104] and in the FUSION-DGIWTCCC 
UKT2D “ulldata” (ic. all GWA and follow-up 
samples) meta-analysis (OR = 1.37, P= 10. 
10) (Table | andtble SS), PPARG Pro" Ala"? 
(¢s1801282) and KCNIIT Gi 2 (5219) 
were not gceoryped in the FUSION GWA, but 
nearby SNPs showed! some evidence for T2D 
association, as did the imputed genotypes forthe 
coding Varian. Alldata meta-analysis resulted 
in genome-wide significant T2D association 
with KONI Ghe?—Lys (OR = 1.14, P 
67.» 10) and strong evidence for PPARG 
Pro! —+Ab™ (OR » 1.14, P= 1.7 » 10°) The 
PPARG and KCNII1 sults emphasize the value 


combining data across studies andl suggest that 
‘ther T2D-associated loci remain to be found 

“The combined samples from the three studies 
provide evidence for seven additional T2D loc. 
For the first three of these loci, we had strong, 
‘evidence in the FUSION stage I GWA data and, 
for the later four, our FUSION stage I evidence 
was more modest 

A cluster of variants in the JGF28P2 Gnsulin- 
like growth factor 2 mRNA binding protein 2) 
region was associated with T2D in our stage 
1 sample (ei, 181470879 with OR = 1.27, P 
16» 10-4) (Fig. 1A). The alldata met 
for 4402960 resulted in wonomewide 
114, P89 10") Incl 
402060 penotype as a covariate essen 
liminates evidense for T2D association for other 
Variants in tbe cluster (Fig, 1A), which is 
consistent with all SNPS representing the same 
T2D-predispasing varian(s), IGF2BP2 is a 
paralog of IGFIBPI, which binds 10 the 5 
‘unanstated region of the insulin-like growth 
factor 2 (IGF2) mRNA and regulates. 1GF2 
translation (/9). 1G 
family of polypeptide growth factors involved in 
the development, growth, and stimulation of 
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Fig. 1. Plots of T2D association and LD in FUSION stage 1 samples for 
‘gions rounding 1GF28P2 (A) and 159300039 (B.A) and (8) each contain 
six panels, The top panels display RefSeq genes: there are none in the 
139300039 region. The second panes ie, dec below te top panel show 
the T2D assoition ~logas P values in FUSION stage 1 samples for SNPS 
‘genotyped inthe GWA panel (dosed tue cles) or imputed (open blue 
‘res. The thd panels show T2D association ogi P values fo each SNP in 
a logistic regression made correcting forthe reference SP fndcated by the 
ted dle for 4402960 in (A) and for 139300039 in (8). SNP 57480010, 
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teported by Sladek et al. (7), is also labeled in the 159300039 plot (B) (green 
Cite. A desea in the lode P value fom the second othe ted panels 
indicates that the association signal of the tested SNPs can be explained, at 
teat in part. by the reerence SNP. In both regions, the reference SNP was 
‘hese lor convenince: the choice of anethersrongyasaited SNP nea 
‘ould have reaited in asimiar itr. The out panels show recombination 
rate in centiergins pe megabsse forthe Hapla CEU sample 1). The ith 
and ith pane show LD and D° Based on FUSION stage 1-genotyped and 
FUSION sage 1-imputed data 
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in action. The most strongly associated 
IGF2BP2 SNPs ace located i a SOK region 
Within into 2 (Fi 1A ciaetes-prodispsing 
variants may therefore affect regulation of 
2BP2 expression. 
NP F613266634, a nonsynonymous 
‘Ang stip® avian in the poncreatc bot 
cal-spscifie zinc uansponer SLC3OAS (20), 
showed (through our annotation-based algorithm) 
evidenee for T2D association in stage 1 (Table | 
aun fg 2). Modest evidenee in stage 2 resulta 
in stunger evidence in our stage > 2 sample 
(OR = 1.18, P= 7.0 © 10%) (Table 1 and table 
$5). Subsequent DGL and UKT2D genotyping 
result in sto evidence i he eeu sane 
ples (OR = P= 5.3 = 10), Sladek er al. (7) 
revenly reported inkqpendeat T2D association 
evidence withthe same alle in wo Frenh 
les (P= 1.8» 10% and P= $0» 107), 


insulin is stoned as hexamer bound with two 


n®* ions before seerstion (22). Variation in 


‘SLCS0A8 may atfeet zine accumulation in insulin 
‘granules, alécting insulin stability, storage, or 
secretion, In high-glucose conditions, overex 
psssion of SL.C30A8 in insulinoma (INS-1E) 


| 
iif 


Interval of preicted T20 risk 


rer 


Fig. 2. PectionofT20rskin the FUSION sample 
withthe use of 10 12D sisceptibitty variants. 12 
‘aes and NGT contos with complete genotype data 
were included inthe analysis, To obtain a sample with 
2 T2D prevalence of ~10%, we included rine copes 
‘ofeach of 2176 NGF controls and one copy of each of 
2102 T2D cases, The predicted risk for each i 
dividual was estimated from a. logistic regesion 
model containing the 10 rik variant stein Table 
1 The proportion of T2D cases is shown for 20 equal 
‘intervals of preted T2D risk, We constructed 959% 
«confidence infers (Cs forthe proportion of T2D 
«aes in each interval using the orignal sample of 
2102 cases and 2176 contol. The constructed sam- 
ple T2D prevalence (0096) is shown as a horizontal 
line. The proportion of T2D cases increases fom 
~5'/ in the lowest to 20% in the highest predicted 
Fisk categories 
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SNP 199300039 in. an intergenic region on 
tuomosome 11 showed evidence for T2D aso- 
ciation in stage | (Table | and Fig. BX geno- 
typing our stage 2 sample resulted in near 
genome-wide significance in our stage | + 2 
sample (OR = 148, P= $7 » 10% (able Land 
tables SB and $5). In the WTCCC and DG! 
scans the nearby SNP rs1S14823 (= 0.97 with 
159300039) provided weak evidence for T2D 
association with the appropriate alte; com- 
boning results actos all hes stics wave OR = 
1.28 and P43 © 107 Fills imputed SNPS 
and two more genosypest SNPS spanning 219 kb 
are in LD with 159300039 and show substantial 
evince for T2D association (P = 10) in our 
stags | sample (able S3 and Fig. 18) Inching 
the genome for n98N0039 as a covarats 
setalyciminates evidence for T2D association 
withthe remaining SNPs (Fig. 1B). Tis region 
includes three scts of spliced Expressed 
Scqucnoe Tags but 1 annetasd genes. The 
identification of a T2D-assocate variant >1 Mb 
fiom the nearest annotated gene highlights the 
Value ofa genome-wide approach, Slade a 
(7) reported strongly associated SNPs in two 
nearby tegions on chromosome 11. SNP 
187480010 ncar hypotetcal ene LOC3S7761 
i331 kh contomerie 19300039. LD betwen 
19300039 and #574N0010 is essentially 2er0 
(? = 0.000063 ann 17 = 0.036), an 157480010 

wowed fit eens for asseation in our stage 
1+ Zsa (OR = 1.08, P= 84). Slack ea. 
(7) abo reported T2D association with dice 
intronic variants of EXT2, located ~24 Mb 
centromeric of 9300039; we found no evidence 
for association with EX72 SNPS. 

SNP 194712823, located within tron $ of 
CDKALI, showed medest evince foe T2D as- 
sociation in ou FUSION stage 1 sample, which 
strengthened slightly in our combined stage I + 2 
sample (OR = 1.12, P= 00073) (able $8) 
Nearby SNPs jn sting LD with 1of712: 
inhaling 67754840 showed modest evidence 
for T2D association in. the DGI scan and 
conskkrably stomgcr evidence in the WTCCC 
scan. Including strong DGT and UKT2D epi 
cation data rsuhed in genome significance 
(OR™ 112, P=4.1 10" foe 77588400 i he 
alleota meta-analysis (Table 1 CDKAL [eyein- 
dependent kinase $ (CDKS) regulatory subunit 
sociated prowin-I-tike 1} shares prc do 
nnain simibrity with CDKS regulatory subunit 
associated protein | (CDKSRAPI), which spe- 
cifically inhibits activation of CDKS by CDK: 
regubstory subunit 1 (CDKSRI) (23) Using 
quantiative reverse wrnseripion polymerase 
chain reaction analysis of a panel of RNA 
samples fiom human tisucs and cells, we 
ddvcted the highest expression of CDKALI in 
skeletal muscle and bain cells 2s well asin 293T 
and HepG2 cells ie. S2A), The associated SNPs 
‘within inion S.o€ SNPs in LD with ther, may 
segue eypresson of CDKAL and soaffetthe 


‘expression of CDKS. CDKS and CDKSRI ace 
tivity isinflucned by glucose and may influence 
biscell processes (24, 2 of 
DKS in the pancreas may Iead to beta-cell de 
generation, especially under glucotonic condi 
tions (26). 

SNP rslOR11661_ near cyclin-dependent ki- 
saw inhibitors CDKN24 and CDKN2B showed 
imadest evidence for T2D association in our 
stage 1 > 2 sample (OR = 1.20, P= 0,002), 
(Table 1 and table SS) and showed genome-wide 
significance in the all-data meta-analysis (OR = 
120, P= 78 = 10), SNP esl0811661 is 
located upsticam of CDKN2A and CDKN2B, 
may have a long-range effect on one of there 
genes, oF may influence a gene not yet ane 
‘notated. CDKN2A and CDKN2B inhibit the 
activity of CDK4 and CDKO. tn mice, Cdk 
activity has been shown to influence beta-cell, 
proliferation and mass, with loss of Cdk 
Ieading to diabetes (27, 28). We find CDK 
to be expressed at high levels in islets, 
adipocytes, brain, and pancreas and at even 
higher kvels in 203T, HeLa, and HepG2 eels, 
(lig. S3B); CDKN2B is expressed in islets and 
adipocytes and, to a lesser degree, in small ins 
tine, colon, 293, and Hep? eclls (fig, $3C 
CDKN2A and COKN2B ae also tumor suppres 
sor genes and may play a roe in aging (29), 

SSNPS es111187S and 157923837 showed mol 
«xt evidence of T2D association in the FUSION, 
and DGI scans, much stronger evidence in the 
WCC sean, and yenome-wide significant evi 
donee (OR™ 1.13, P= $.7 10 forrst 11878), 
inthe alldata meta-analysis, These SNPS are 
LD (= 0.70) in a region that includes HEN 
(hicmatopoictically expressed homeobox), 
\which is critical for development of the venta 
pancreas (30), the insulinleyrading enzyme 
ssene DE, and the kinesin-interacting factor 1 
gene AIF Slack et al, (7) recently reported 
indspendent genome-wide significant evidence 
{or T2D association with these SNPs, 

‘The WICCCUKTD groups identified evie 
dence for T2D and besly mass index (BMD, 
associations with a sct of SNPs including 
138080136 in the FTO region: the T2D associa 
toe appears to be mediated through a primary 
efleet_on adiposity (5, 6, 31). We observed 
modest evidence for sociation with T2D in 
‘the combined FUSION stage 1 + 2 sample (OR = 
1.11, P= 0.016) (Table 1 and table $8). 

TRD can be a component of a larger syne 
drome of metabolic abnormalities, and we were 
inmerested t0 assess the eflicts of T2D-rebed 
‘traits on our association resulis. We repeated our 
T2D association analysis for the 10 SNPs in 
Table L with one of several variables included as 
‘an additional covariate. Adjustment for BMI 
strengthened T2D association with TCF7L2 and 
SLCSIAS, weakened association with 59300039 
and FTO, and had litle effect on the other loci 
The effect of waist circumference was similar 10 
that of BMI: blood pressure variables, had 
essentially no eft 
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‘We previously cari out T2D linkage ana 
ysis in the families of many of ou tage cases 
(U0), None of the 10 loi in Table | had lange 
‘TD logarithm of the odds (LOD) scores, 
although those for FTO and TCF7L2 were 0463 
‘and 0.60) and so were nominally significant 
LOD scores foe six of the 10 lock were greater 
than 02, as compared 22 that would be 
expected for random genome locations. This 
suggests enrichment for T2D-associat Toc in 
regions with modest evidence of T2D linkage 
(P= 0.01) but thatthe power of the Finkage 
approach was isullicit 19 distinguish these 
‘unas roa background noise 

The ability 1 consimict a Hist of ten robust 
and replicated T2D-awoeiated oxi (Table 1) 
represents a fandknark in efforts to Meaty 

c variants that predispose to complex human 
sve hough the specifi reaposing var 


inourstage | 2 sample 
by constructing @ logistic regression model and 
radicting T2D risk for each person (¥), We found 
2 fourfold variation in T2D risk from the lowest 
highest predicted risk groups, whieh fs of potential 
rest foe & personalize preventive 
rogram Fig. 2). However, these predictions fron 
‘our data may be biased as compared wo predictions 
tuased on the peneral population, likely owing 49 
the overestimation of ORS de to the "winner's 
familial T2D eases, and 


tolerance or impaired fisting plvcose. 

Thiny years ago, James V. Nec! labeled 72D 
a “the yeneticist's nightmare” (32), pricing 
that the discovery of wenetic factors in. T2D 
would be thoroughly challenging. Until rceniy, 
his prediction has proven true. Although lange 
samples and collaboration among three groups 
were required, we ean confidently sate that new 
diabetes risk factors have been identified. Each 
‘gene discovery points to a pathway that conti 
tutes to pathogenesis, and all of these proteins and 
their relevant pathways represent potential drug. 
‘ayets fo the prevention or treatment of dates, 
ased on the numberof ether interesting results 
‘observed in these studies, itis likely that there 
are additional T2D-predisposing lel to be fo, 
Even though mach remains to be done, we are at 
last awakening fom Jim Neet's nightmare. 
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Complex | Binding by a Virally 
Encoded RNA Regulates 
Mitochondria-Induced Cell Death 


‘Matthew B. Reeves,"* Andrew A. Davies," Brian P. McSharry,? 


Gavin W. Witkinson,? John H. Sinclair 


Human cytomegalovirus infection perturbs multiple cellular processes that could promote the 
release of proapoptotic stimuli, Consequently, it encodes mechanisms to prevent cell death during 
infection. Using rotenone, a potent inhibitor of the mitochondrial enzyme complex I (reduced 
nicotinamide adenine dinucleotide ubiquinone oxido-reductase), we found that human 
«cytomegalovirus infection protected cells from rotenone-induced apoptosis, a protection mediated 
bya 2,7-kilobase virally encoded RNA ($2.7). During infection, 2.7 RNA interacted with complex | 
and prevented the relocalization of the essential subunit genes associated with retinoid/nterferon— 
‘induced mortality-19, in response to apoptotic stimuli. This interaction, which is important for 
Stabilizing the mitochondrial membrane potential, resulted in continued adenosine triphosphate 


production, which is 


al forthe successul completion of the virus lite cycle. Complex | 


targeting by a viral RNA represents a refined strategy to modulate the metabolic viabiity of the 


infected host cell. 


using primary infection oF reactivation of 

ruman cytomegalovirus (HEMV), espe 

cially in the immunocompromised, the 
Virus is able to replicate in a numberof ell ype, 
‘often resuhing in life-threatening disease (/) 
HCMY exhibits a relatively protracted life eyele 
upwards of $ days) and at early times of in- 
fection (12 to 24 hours) encodes a highly abun 
dant 27-kb RNA transcript (2-7), accounting 
for>20% of total viral zene transcription (2,3) 
‘of unknown function. The RNA may be ass0- 
ciated with mitochondria (4), and no protein 
‘product of this RNA has ever been detected in 


infected cells(3), suggesting that it functions asa 
noncedting RNA (5) 

We investigated the possibility that 2.7 
could function as a noncoding RNA, A 
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Nontwestem scr of a human cDNA fbexry 
with 4 $2.7 probe Mentiiad poten extular 
interaction parmers forthe B27 RNA mokcule 
One of these protins was & subunit of the 
mitochondrial enzyme complex | (reduced 
nikotnamkle adenine dinslootide- ubiquinone 
oxidoreductase). Defective complex {activity 
fas been implicate in numerous mitochondrial 
and genetic diseases, including Leigh's syn- 
dome, Leber’ hereitry optic newropaiy, and 
intochndil encephalopathy (0) and nb 
io of comple U atvity by wactive O oe N 
species oF by the dirwct binding of envi 
ronmental toxins ultimately rests 1 apoptosis 
O. 

We fit tested whether HEMV inition 
[muliplicity of infection (MON = 5} and, 
pcitcally, 2,7 eyession prevented ell ath 
in neuronal 137 ells subjsted 1 mitohonde- 
a sins by amant with rtenone-—a highly 
fective complex inhibit (9,70) Asexposted, 
theaddiion of tenon promoted substantial cl 
bath in U373 sells (708% in Fig. 1). We then 
‘compared the effect of preinfoction of cells with 
the Toko sin of HCMV and arent 
‘Toledo virus, in which the (82.7 gene had been 
deleted (A$2.7Tol) (5). Tokdosnscad U373 
cars showed profoundly (P< 0.001) eed 
levch of apoptosis (sin contrast wo Af. 7Tol 
infsted els 10% in Fig. 1A) Fumo the 
inotetive effet of B27 could be rete with a 
revertant virus (Fig, VA) and by tansfetion ofa 
112.7 expression vector into U373 cll Fi. 1B) 
Thus, HOMV-mnediated protection of eclls fom 
rotenone-induced apommosis correlated with ex 
pression of the viral (82.7 gene, Although the 
‘consensus is that the [22,7 transcript does not 


Tied 


rr 


encode a protcin product (5), we also analyzed a 
clinical Kolate of HCMV (HCMV3157), which 
woukl produce a heavily truncated nonsense 
protein if 2.7 were translted (5). HCMV-31S7 
‘was as efficient as Toledo at protecting cells 
from rotenone-induced death (fig. SIA}, The 
[protective eflect of 2.7 was observed only in 
Toledo-infected cells (fig. S1B), whereas 
AB2.7ToLinected cells routinely stained for 
bboth viral gene expression and terminal deoxy 
nuclcotidy] transferase mediated deosyuri- 
dine triphosphate nick end labeling (TUNEL) 
(lig. S1B). The proportion of immediate-carly 
(IE) positivity in the AB2.7Tol cells under- 
going apoptosis was around 70% (lig. SIC). 

iven that only 45% of the whole population 
‘was infected, this finding implied that viral in- 
fection, in the absence of (2.7, actually ren- 
dered cells more sensitive to rotenone-induced 
apoptosis, 

‘One role ofthe HICMY (2.7 transcript may 
bbe to megiate protection of the cell from apo 
lotic pathways activated by metabolic stress 
‘of complex 1. Genes associated with retinoid! 
interferon: induced mortality (GRIM) 19 is a 
subunit of comple I that is essential for its 
assembly and function (12), HCMY infection 
up-regulates steady-state mRNA. levels @ 
some subunits of mitochondrial complexes 1 
to V (12), but vinus infection has no impact on 
GRIM-19 protein expression, up to 120 hours 
‘st infection (hpi) ia U373 cells (fig, $2. 
and B). We did, however, detect changes in 
RIM-1Y localization in response to rotenone 
and virus infection. tn 1373 cells, GRIM-I9 
expression appeared to be diffuse throughout 
‘the cytoplasm of the cell (Fig. 2A), and it be- 


a TR Rey 


zo 


‘STUNEL PosmivE CELLS 


Fig. 1. HOMV protects cels from rotenone-induced apoptosis. (A) Percentage of TUNEL-posi 
cells in mock- (1 and 2), Toledo- (3 and 4), 3p2.7Tol- (5 and 6), and .392.7To-Revertant 
(392.7Tol-Rev)-infected (7 and 8) U373 cells incubated with acetone (1,3, 5, and 7) or rotenone 
(ROT) (2,4, 6, and 8). n= 3 independent experiments. Asterisks denote P< 0.0% with Students t 
test Err bars indicate 1 SEM. (B) Percentage of TUNEL-positive pREPLO- (Con) (1) and pREPIO-5 
27-translected (2) cells incubated with rotenone. from three independent analyses. Reverse 
transcription (RT-PCR for 2.7 expresion in pREPIO- lane 1) and pREPLO+2.7-transfected (lane 
2) cells fs shown. 
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came relocalized into discrete perinuclear 
clumps afier the addition of roienone 10 
‘uninfected U373 cells. However, preinfecton 
‘ith Toledo prevemed this relocalization (Fig 
2A), GRIM-I9 is known 4 localize 10 the 
‘nucleus under certain conditions (13), and it 
ake interacts with the signal transducer and 
activator of transcription (STAT)-3 protein to 
prevent the nuclear import of STATS in a 
Pevinuclear location (/4). Although the GRIM- 
19 in Toledo-infected U373. remained pre- 
dominantly cytoplasmic within the eel, it did 
exhibit amore punctuate pattem within the 
toplasm (Fig. 2A), perhaps supe 
association with mitochondria, Howe 
EMV ite has profound eflets on mitochon: 
dal shape and localization afer insti (15), 
and this may also paially account for the 
difference in GRIM-I9 staining, In contrast, in 
A82.7Tobiniecta cells, the rotenone-induced 
perinuclear relocalization of the GRIM-19 
rotcin was stil observed (Fig. 2A), identical 
4o that observed with uninfected eels treated 
with rotenone (din Fig. 2A), Thus, wotenone- 
induced mitochondrial stress promotes. the 
relocalization of GRIM-19 within the cell, 
‘which can be abvogated by expression of the 
HCMV 92.7 transcript 

‘Wena ested whether this eet on GRIM 
19 relcalization was de toa physical iter 
tion between the GRIM-I9 protein and 2.7 
RNA during infection. 82.7. RNA was spl 
cally inmunoprecpited from inieted cls 
with An anthody to GRIM-19 (Fig, 2B). We 
also observed an interaction with native 
complex L. which is found only on the inner 
‘mitochondrial membrane, suggesting. that the 
fneracion between 2.7 RNA and GRIM-19 
targets complex I in mitochoedra, No immune 
rccipitation ofa similarly aburdant viral RNA 
(E72 in Fig, 2, B and C) with GRIM-19, 
complex 1. or complex V (Fig. 2C) was 
observed. As expected, analyses using the 
‘AA2.7Tol virus showed no f2.7-pectic poly 
rmrase chain reaction (PCR) bara! (Fig, 2D), 

In a reciprocal analysis, we captured 2.7 
RNA with the use of biotin-labeled ol 
rnuckotide probes (Fiz. 2E)- Immunoprecipt 
tions (IPS) of the B2.7-<aynured conmpleses di 
contain GRIM-19 (Fig, 2). Thus, 627 RNA 
spscifically interacts with GRIM-19, but with 
few other protcins in vivo. 

‘The observed physical intersction with 
GRIM19 and complex 1 was investigated 
further. Active complex supponts the formation 
fof an cktrochemical gradient (ANPM) across 
‘the inner mitoshondrial_ membrane, which is 
imperative for the efficient production of 
adenosine triphosphate (ATP) (16), Expression 
of 2.7 RNA during infection or tansfoxtion 
protected AYYM stability from rotenone (ig. 3, 
A and BY, suggesting that the 2.7 RNA 
ineraction with complex 1 could affect mito- 
chondrial enenry prosuction under oxiative 
sites fcr infetion. Previous data have shown 
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that, unlike in herpes simplex virus (/7), ATP. 
levels in CMV-infected cells are maintained at 
24 bp (8), tegument probably atributable 
to HCMVs" comparatively protracted. growth 
phase (19), We therefore analyzed the role of 
27 in ATP production. 

Rotenone substantially naluced ATP produc 


tion in U'373 cells (73% reduction, {and 2 in Fig 
3A), However in Toledo-infected cells only a 
1.2old reduction wats observed (84 10 
Fig. 3A), suggesting that HCMV protected ATP. 
production in infected cells. In AB2.7Tolintecisd 
25k 
depletion of intracellular ATP (77 to 33% in 
Fig. 3A), At6 hpi, before f2.7 RNA expression, 
‘ho protection front rotenone-induced ATP pe 
tion occurred (fig, $4), Using a sevond stain of 
HCMY ADIG® that on 


cells, rotenone treatment resulied 


aks two copies of the 


A 


a b 
[ 


d 
*Rot 


e 
*Rot 
Mock Toledo 


Fig. 2. HCMV interacts with and prevents the rotenone-induced 
relocalization of, GRIM-19 in virally infected cells. 

localization (red) in mock: (a and d), Toledo- (b and e), and f2.7Tol 
Infected (¢ and f) U373 cells incubated with solvent control (Con) (a, « 
and e) oF rotenone (bd, and 1) 24 hpi. (B to D) Immunoprecipitation of 
control immunoglobulin G (lane 2), GRIM-19 (G-19) (lane 3), native 
complex | (C-1) (lane 4), and. native complex V (C-V) (lane 5) from 
Toledo-(B and ©) or Ap2.7Tol-infected (D) cells, and RT-PCR for {2.7 [() 


Fle. 3.27 eres A 
asks A peda: ho 
Hin leeds 

Perenge of ATP a 
ctdmecr Gees 8 
sere Gand) & 
Taka Tod Sand 
AD169-, and AD169- i 


GFP-infected cells with 
4, 6 8, and 10) or 
without (2, 3, 5, 7, and 
9) rotenone for 2 hours 
was determined at 43 
hpi, as compared to 


ed the possibility that 
protcin (GP) expression from 
ne locus souk! have a plisnotypic 
cebinant ADI vinss still 

‘expressing GFP and one functional copy of the 
B27 gone maintained ATP levels (Fig. 3A), 
Thus, the (2.7 transcript is important for 

ATP production 

We hypothesized that the impact of (2.7 
expression on ATP production may be more 


profound at Iter times of infection. Analysis in 
the absence of enone showed that ATP kvels 
in AB. 7Tol dropped significantly (P 


days post infoction (dpi, in direct contrast with 


ii O01) a1 


Toko-infocted cells. Confirmation that the 
difference was not an 


tifact of GFP produc 
ADIG0-GEP- 


infected cells, in which the levels of ATP ws 


© 


{ 


with the 


882.7To! 


(A) GRIM-19 


samples 


Relative lovee ot ATP 12 


‘comparable to those ofthe parent virus AD169 
(Fig. 3B). 
Dekstion of the vial 2.7 


1 fiom HCMY 
nth Kinetics in 


has no si 
Sibrblass (5) (Fig. 4A), AL first, this appears 1 
be contradictory; however, fibroblasts are par 


fica eflots on 


tculady resistant to the induction of apoptosis 
by rotenone and oxidative stress (20), as 
‘compared with neuronal cells (22), However, a 
82.7Tol growth defect was observed. when 


compared with the Toledo virus (Fig. 4B), 
which was more profound in the presence of 
rotcnone (Fig. 4B), as is enicly consistent with 
the 62.7 transcript supporting virus preuction 
in times of metabolic stress, Tisaue culture was 
performed in glucose-enriched media, and 

jvblasts, particularly in times of diminished 


ATP production from the electron transport 


F om 


and (0), lanes 1to SI, 1E72 (0, or a 82.7 PCR with no prior RT (8), lanes 
6 to 10}. Inputs are shown in lane 1. (E) 1s on Toledo-infected cells with 
anti-sense oligonucleotides to 12.7 (lane 3) of 1E72 (lane 4) of with no 
‘oligonucleotide (N) (lane 2). Silver stain of 1% input (INP) (lane 1), the 
immunoprecpitated proteins (lanes 2 to 4), and known protein loading 
‘controls (5 to $00 ng, lanes § to 7) is shown. (F) GRIM-19 expression in 
10% input (ane 1) and the /2.7 (lane 2) and 1E72 (lane 3) RNAP 


a) laa 
aa 


‘mock (1). (8) Percentage of ATP in mock- (1), 82.7Tok 2), Toledo (), ADLE9- (8), or ADL6S-GFP-infected cells (5) § dpi. n = 3 independent experiments 
Asterisks denote P < 0,01 with Student's ¢ test. Err bars indicate 1 SEM 
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fuse 


‘lucose-depleted media, 


chain (ETC), use this adiional ghicose wo 
enerale ATP vi altemate pathways (22). We 
observed that glucosedepleted media. im- 
pared the growth of the AB2.7Fol vinws in 
373 and fibroblast cells, as compared with 
Toledo (Fig. AC). This finding eoreated with 
4 drop in ATP production ia AB2.7Tob-inkeced 
imoblass (fig. SSA) and the relocalization 
of GRIM-I9 in. B2,7Tobinfexte, but not 
Toedo-infestd, cells (fig. SSB), Because eels 
in vivo are not exposed to such artificially 
high levels of glucose and are more eat on 
the ETC for ATP production, the effexts of 
192.7 expression in vivo on metabolism ae rab 
ably more overt than they ane during tissue 
calc 
Metabolic dysfunction, the breakdown of 
chondrial incyrity, ant the release of pe 
apoptotic stimuli are hallnarks of mitochondti- 
indice apoptosis (23). HIV tants compl 1 
for degradation promoting apoptosis (24), pre= 
sumably by promoting the formation of 
reactive oxidative species. Because of the 
pivotal nature of mitochondria in cll death, it 
is not surprising that HCMY tages mitochon- 
dria fiction andl makes a concerted effort 19 
stuibvert the apoptotic response including UL36 
(caspase inhibitor), UL37s1 (a B eel Iympho- 
ma 2 homolog with profound antiapoptotic 
activity) (25, 26), and UL3S, which protcets 
infected cells from endoplasmic reticulum 
sttess (27), UL37eL fs abo own to promote 
mitochondrial membrane stability (26) and is 
predominantly active at te times of infection 
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4 
Days postinfection 
4. Toledo, but not A}2.7T0L, grows normally in metabolically © coc 
stressed cells, (A) Growth of Toledo (triangle), ADI69 (cismond), 

-ADL69-GFP (square), oF AB2.7Tol (cross) in human fibroblasts (HF). 
PFU, plaque-forming nits. (B) Growth of Toledo (diamond and 
Itiangle) or A)2.7T0k (square and cross) in U373 cells. At 24 hpi, 
Toledovinlected (triangle) and Af2.7Totinfected (coss) U373 cells voneo9 
were incubated with rotenone (asterst). () Growth of Toledo (square 

and cros) or A2.7T0l(iamond or triangle in U373 and HF cells in 


1 JUNE 2007 VOL316 SCIENCE 


occ 


ocean 


rm 
H 


1 oc 


106-2, 


o ? 


(6-48 bp) 2. In coma the B27 one RNA 
ix expresed much carlicr during. incon, 
‘Consequently, it is likely that HCMV has 
evolved multiple functions in order to hijack 
the mitochondria thoes to enable coetinaad 
nergy production, as well as poco fiom 
cll death 

‘An inriguingaspoct of this sty is hat an 
RNA molccuk & wed distly 9 eve those 
‘effects, Although at first appearing unusual, this 
may represent a highly mina viral rac, 
First, because of the sheer numbers of 
ritechorda within the esl the eyprsion of 
2 highly abundant RNA allows the virus 0 
‘saturate these organelles effectively. Second, by 
disposing of the need to translate the sper 
abundant 62.7 RNA, the virus can achieve this 
cfcct more quickly thawghost the course of 
init 
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Regulation of CD8* T Cell Development 
by Thymus-Specific Proteasomes 


‘Shigeo Murata,?2* Katsuhiro Sasaki," Toshihiko Kishimoto,™* Shin-ichiro Niwa,* 
Hidemi Hayashi,?* Yousuke Takahama,* Keiji Tanaka 


Proteasomes are responsible for generating peptides presented by the class | major histocompatbility 
‘complex (MHC) molecules of the immune system. Here, we report the identification of a previously 
‘unrecognized catalytic subunit called {St St is expressed exclusively in cortical thymic epithelial 
‘els, which are responsible forthe positive selection of developing thymocytes. Although the 
‘hymotiypsinke activity of proteasomes is considered to be impartant fr the production of peptides 
with high affinities for MHC dass I clefts, incorporation of (St into proteasomes in place of {5 or 
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e therefore named this gene 5, asa tbyrse 

iS family member. Nother bo 
ysis confirmed the exchisive tanseription of B51 
inthe thymus fig, S1D), Immunoblot analysis of 
sarious mouse onzans, with the use of an anti 
body specific to St (anti-SN, further confined 
thatthe expression was thymus-specifi Fig. 1B), 
In comparison, 5 was predominantly eypresed 
{nabroad range of immune tissues (including the 
thymus and splcen and toa fewer extent in Hung, 
and liver), and it further differed from the wide 
distribution of BS (Fig. 1B), 

‘We next examined how St is ineorporsted 
Jno proteasomes. Thymic extracts were imme 
popeecipitaied with an antibody 10 the 20 


[SK selectively reduces this activity. We also found that {St-deficent mice displayed detective 
‘development of CDS* T cells inthe thymus. Our results suggest a key role for St in generating the 
T cell repertoire during thymic selection. 


MHC dass F-restricted CDi 


rexcasomes are mutcatalthe peotsinase 
Preps se espa 
Intod provcolysis in cukaryotic ells and 
forthe generation of antigenic pops 
presents by’ major histocempatlity eamphe. 
(MIC) class | molvules of the immune system 
in jawed verevates (/), Proteolysis is conducted 
by 205 proteasome, which ane lange composes 
composed of 28 subunits aang asa eylinder 
i four heterohepiameric rings’ et. Bh Br 
and uy. Among thes the tree subunits call 
11, 2, and BS perform the catalytic fnetion 
Vetchros, three ational Bi, B2i, and BSL 
subunits are induced by intron (IPN) and 
se pect inconpoctimo proteases 
These immunoproteasomes. produce antigenic 
peptides mone efficent than do consintive 
pots, an they play an important ole in 
the ciminaton of vnunet and toe els 
by CDA Tels (2) 
ing scar fr rote ato yones 
a genome database (www.ensemblond We 
found a previously unrecognized gone prodkct 
with high homology 10 fb subunits of 208 
pwoteasomes. The gene encoding itis heated 
njacent wo the gone foe BS, andthe pene pret 
is encoded by a single eon in both human and 
mouse genomes (Hig. SLA). Onllogous genes 
aw found spevifcally in vertebrates, implying 
that this gene nerd synchronously with ges 
involv ia 
{dl the imimanoprotasomes (2). The expression 
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proteasome (anti-208}, (erossspecific for all 

1s) anal with anti-iSt, These ani- 

nd 
‘S2A), Quantitative immu 
nobloting of 45, an invariable subwnit of 208) 
Proteasomes, reveakd that 20% of the 208 
rotcasones in the thymus contain BS (fig, S2B), 


St, respoctvely ( 


ce alignments 


showed that its putative activeste threonine esi- BS and Si were harcly detested in the St 
due was prooedal by a propeptide that ends with containing proteasome, indicating that ASL was 
residus, a hallmark of active subunits incorporated into 208 preneasomes, in place of BS 


(Si (Fig. 1C), Moreover, the IEN=y-inducible 
subunits Bi and f2i were preferentially 


porated into the Steantaning proteasome, in 


SIB). The dendrogram and homolo- 
ics among catalytic B subunits indicated its close 
relation with AS and BSi (Fig. 1A and fig. SIC), 


Sih esh dss 
/_ «@ 


A B 


Fig. 1, St & a catalytic proteasome subunit in the thymus. (A) Percentages of amino acid sequence 
‘identities (boxed in black) and similares (white box among primary structares of mouse catalytic 
‘subunits obtained with the BLASTZ program (28). (B) Immunoblot analysis of various tissues of 3-week- 
‘old mice withthe indicated antibodies. (C) Extracts of mouse thymus were immunoprecipitated with anti- 
208 or ant-5t followed by immunoblotting with the indicated antibodies. P,immunoprecipitaion. (D) 
2-PAGE analysis of samples in (O with Coomassie staining. 205 proteasome of brain extracts represent 
‘constitutive proteasomes. All spots were identified by tandem mass specuometry. One of the St spots 
‘represented by arrows) overlaps with that of 6. 
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place of constitutive subunits 1 and f2 (Fig 
IC). The above findings were further con- 


ed by analysis ofthe precipitated products 
‘by two-dimensional polyacrylamide 
trophoresis (2D-PAGE) (F 


ID). Spots for 
y detected in the 
Whereas spots 


and 2k (Fig, 1D, middle), We the 
poss to call this distinet subtype of proteasome 
“ahymoproteasomes,” 

Proteasomes are responsible forthe produc 
tion of MHC class Ebinding peptides aod the 
sole enzyines tha determine the C termini of the 
peptides (7, 8). 
sudies of MHC clas [complexes have revealed 
that the hydrophobic C-terminal anchor residues 


we pro 


Previous crystal structural 


the chefts of MHC class | 

MHC molscues 
prefer basic C temnini (1), The 208 proteasoncs 
have at least three types of peptidase activites 
(chymotrypsin-tike, trypsinlike, and caspase- 
like activitics), which cleave poptige bonds aftr 
hydrophobic, basic. and acidic amino acids, rs 
pectively (JO), The specificity is determined by 
the nature of the amino acids that compos the 
so-called SI pocket (//, 12) For the production 
Of high-affinity MHC class 1 ligands, the 
cchymouypsin-like activity cai by’ BS and Si 
whose SI pockets are composed meni of hyd 
phobic amino acids important (3). A cxenpar- 
json of the SI pockets of the three 5 families 
reveaksl thatthe pocket of tis mainly composed 
of hydrophilic residues, in masked contrast 10 


thymoprotcasomes have weaker chymotrypsin 
like activity, To test this idea, we analyzed the 
Pepiidase activities of AStoverypressing cells, 
where ~ 90% of BS was replaced by it (Fig, 2, B 
and C), We observed thatthe precursor forms of 
BSt were processed into mature fos alier 
incorporation into 208 and 268° proteasomes 
Fig. 2B, bowtom lel). In Stexpresing cells, 
the chymouypsin-tke activity was exclusively 
reduced by 60 1 70%, without alecting the other 
‘sso activtis in both 208 and 26S fractions (Fig. 
2B) ehymotrypsin-like 
activity revealed that St reduced both the 
maximum velocity and the Michaelis constant 
‘aluss fr the activity (Fig. 2D), whieh is oppx 
site 1 the effet that (Si as on these quantities 
(14), However, these cells sill possessed normal 


‘of the peptidss are essential for high those of BS and BSI 


2s 


Phil 


SDS(+) 


Nb 


agesting that protcindegrading activity, as assewed by the 


28 sos(-) 
‘Chymotrypsin.ike 


Caspase-iko 


Caspase-tke 
Flag et 51Fi0g 
= 15-Fiag 


* Suc-LLVY-MCA\ 
‘Suc-LLVY-MCA(uM)((S}) 


ig. 2. (St selectively reduces the chymotypsinlie activity of proteasomes (A) 
‘Alignment of amino acd residues organizing the S1 pockets of 5 families. The 
hydrophobic and hydrophilic aminoacid residues are boxed in black and white, 
respectively. The numbers represent the position from the active-site threonine 
(B) Peptidase activities of human embryonic kidney-293 T cells expressing 
hhuman fiStFlag (open cles), {5-Flag (Back squares), or mock cells (black 
ides) in the presence (et) and absence (right) of 0.025% SDS. Arrowheads 
indkate the peak locations of 205 prateasomes and 265 protessomes, proven by 


8-006 degradation 
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Trypsio-iko 


ae Fraction number bottom 


B5 BSI 


immunoblot anabis of each fraction (bttom le. p,precuso; m, mature: 
asterisk, nonprotesomal aciviy. (©) Faction numbers 25 in (B) were 
immunotitted for 5, «6, and Fag.) Hanes Woot pots for crymotypsin- 
like actty of 265 proteasome goo of fraction numbers 28 to 26 fom mock 
cs iad ices) and BS els open res). Suc LLWVACA,sucnLew leu 
Val Tyr--methncournar7-anide [],sbsrateconcenttion. 6 Cel exacts 
fom (B) were assayed for adenosine triphosphate-dependent protein 
degradation activity wsing "S-labeled ODC. Mean + SD; n = 3 experiments 
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radation of omithine decarboxylase (ODC) 
2B) (U5), 
The thymus is responsible 


generating a T 


cell ropertoize that spcitially resognizes self 
peptide: MHC (selEpMHC) comp 


ns. Thymic somal cells epee 


cs and tol 


sent a heterogencous misture of cell types and 


provide a proper microens ronment fae develop 
17). To identity a cell ype 


ing thymocytes (/6, 


mouse thymus for St and markers for thymic 
A ant BY 
sively expressed in the thymic 


stromal cells (Fig. 3, BSt was exclu 
nex, which fs 


ather 
for conical thymic epithelial cells (CTEC). The 


quite similar tothe expression of LySI.a 
distribution of St was distinct from that of eels 
that bind wo Ulex eun nin 1(UEA-D, 
a marker for medullary TECs; CDI e, & marker 
fon dente cells: axl MTSIS, a marker for 
fibroblasts Pig, JA) (U8 
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from the thymus were immunoblotted 
for St and «6 (a loading control for 
proteasomes). (D) Contents of thymo 
proteasomes in Ly54-positve cells were 
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(Fig. 4, Land 3), These results demonstrate that 
Bt is required for the development of CDS" T. 
cells in the thy mus and suggest the possibilty that 
St deficiency is associated with defective 
Positive seketion of CDR” T calls 

During positive selection, DP cells that 
imeract with sel pMLIC complexes expressed 
‘on eTECs with sulficintly lw affinity or avidity 
are rescued fiom intrathymic death and induces 
to diferentat into CD4 or CDS SP thymocytes, 
The recounition of MHC class I mokweulesresults 


jn commitment o the CDS lineage (22-26). fn 
‘contrat, DP cells that interact with high affinity 
‘or avidity with sel pMHIC complexes are elim 
inated by the induction of apoptosis (22-24), 
To date, however, information about whether 
and how cTECsean offer specialized signals that 
are suitable for positive selection has been 
clusive. The present werk demonstrates that St, 
Whiel is specifically expressed in eTECs, plays a 
pivotal ole in the development of CDS” Tees, 
What, then, is the mechanism for CDS” T cell, 


development regulated by St? The th 
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Fig. 4. Defect in maturation of CD8* T 
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‘quadrant i indicated. (F TCR} expression 
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mice in each group. *P <0.05;""P < 0.01. 
(Teal subpopulation of the thymuses 
(inean + 5D, n = 5 mice). (0) Dot plot 
analysis of an-CD4 and ant-CD8 stain- 
ing of TCRB(+) splenocytes. The percen- 


tages of CD4* and CD8* els ar indicated. (}) Ratios of CD4* toCDB* splenocytes. =5 mice in each group. “P< 0.01. ee 
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MICRORNA PACKS A WALLOP 


MicroRNAS play a hitherto unsuspected, integral role in regulating gene 
expression, But their short length, sequence similarities, multiplicity of mRNA 
targets, and unpredictable pairing to those targets make studying them tricky. The 
good news: Methods for analyzing more familiar RNA species have been adapted 
for investigation of these extraordinary molecules and improved technologies are 
constantly becoming available, By Bruce Goldman 


alt Stop. Don't toss out that small-RNA fraction just yet. 

It took researchers a while to break that habit, Tiny pieces 

Of RNA were long thought to be mere degradation 

fragments of mote important longer molecules. 
But it's now obvious that the famous formulation 
nshrined as the Central Dogma of Molecular Biology 
‘DNA makes RNA makes proteins” ~is only partly true, 
Small noncoding RNAS called microRNAS (miRNAS), 
typically about 21 oF 22 nucleotides in length, exert 
powerful posttranscriptional regulatory influence, By 
binding to untranslated regions of messenger RNAS 
(mRNAs), miRNAs stall ribosomal output of the proteins 
encoded by the target mRNA, fine-tuning translation and, 
fon occasion, marking the target mRNA for 
Gregory Hannon at Cold Spring Harbor Laboratory and his 
colleagues recently reported Findings implicating miRNA in DNA 
methylation, oo. 

From being regarded as an oddity, miRNA has proceeded to the cutting edge 
of biomedical research. Altera sluggish start following isol efirst miRNA, 
from C. elegans in 1993, the number of human miRNAS logged on the Sanger 
Institute's miRBase Sequences Database (a central repository of validated miRNAS 
in the public domain) has exploded in the past few years, and has now reached 
almost $00, 

“Smart scientists that we are, we managed to miss this entire class of incredibly 
Important regulatory molecules until the 21st century" says Eric Lader, associate 
director of research and development at Qiagen, a Germany-based supplier 
of nucleic acid sample-preparation materials and polymerase chain reaction 
(PCR) kits 

‘But researchers are making up for lost time. While only four papers on miRNA, 
were published as recently as 2001, last year the number exceeded 600. "The likely 
impact of miRNAs in mammalian biology is enormous,” says Carl Novina, of the 
Dana-Farber Cancer Institute. “They play roles in differentiation and development, 
chromosomal segregation and division, celltype-specific functioning, metabolism, 
‘and apoptosis." Alterations of miRNA expression, Novina continues, have 
correlated with numerous cancers and, atleast in mice, with diabetes, spurring the 
Investigation of miRNA as a potential diagnostic and therapeutic tool 

One reason for the field's accelerating advance: The tools were already mostly 
in place, “Over the last 20 years, an extraordinarily large number of really smart 
molecular biologists worked out every technique you could ever desire to study 
small RNAs while somehow scrupulously avoiding discovering too much about 
them, so that people of my generation would have something to do,” marvels 
Philip Zamare, professor of biomedical sciences and biochemistry atthe University 
‘of Massachusetts School of Medicine in Worcester. 
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We managed to miss this entire 
class of incredibly important regulatory 


molecules until the 21st century. 
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Those tools did require some modification. Early RNA 
methodologies weren't optimized for ultrashort species such as 
MIRNA, which got tossed out with the buffer solution. Nowadays, 
companies selling sample-preparation tools, such as Qiagen and 
‘Ambion (acquired last year by Applied Biosystems), offer kits 
adapted for isolating small RNAS. 

Once you've found a given miRNA, figuring out which mRNAS it 
targets is nontrivial, at least in animals, as only six or seven of the 
21 0F 22 nucleotides in an miRNA sequence (the seed region) bind to 
their mRNA targets ina strict antisense fashion. This “fuzzy pairing,” 
with the seed sequence dictating much, but not all, of binding 
strength, makes it hard to predict mRNA targets computationally — 
all the more so with the recent discovery that miRNA transcripts 
get “edited”: Enzymatic nucleotide substitutions differentiate 
them from their DNA sense-strand progenitors 


Finding New miRNAS 

‘The sequencing of the human genome and partial elucidation of 
miRNAs’ steuctural features made it possible to do computational 
searches for nucleotide stretches that could fold into characteristic 
hairpin structures and are conserved across species lines. 
Unfortunately, the vast majority of computational hits were false 
positives. 

Rosetta Genomics, an Israeli company that presclently began life 
with an miRNA focus in 2000, created a sophisticated algorithm that 
located some 11 milion hairpin structures, eliminated most of them 
(those that are thermodynamically unstable, structurally suspect, or 
located on protein-coding sequences or in repetitive elements), and 
then led patents on thousands of candidatemiRNAs. Ronit Aharonow, 
‘executive vice president for intellectual property and computational 
biology, says Rosetta has internally validated many miRNAs not yet 
listed on the Sanger database. In a highly cited 2005 article, Rosetta 
Genomics scientists claimed that a significant number of these novel 
miRNAs are conserved among primates but not other mammals, and 
may therefore have played a major evolutionary role in the higher 
‘complexity of primates, including humans. 

‘Massively parallel oligonucleotide sequencing now appears to be 
‘outstripping computational approaches for discovering novel miRNAS 
‘and is even unveiling entirely new realms of small RNAS. In the past 
year alone, groups led by David Bartel of Whitehead Institute at MIT 
‘and by Hannon at Cold Spring Harbor have used this methodology to 
discover two small RNA classes, each consisting of tens of thousands 
‘of members, whose defining features differ considerably from those 
‘of miRNA and from one another's. 

454 Life Sciences, previously a Curagen subsidiary, was selling 
its sequencing instrument along with reagents via a marketing 
‘agreement with Roche Diagnostics, who has now purchased the 
‘company outright. Each sequencing run yields between 200,000 and 
‘400,000 readouts of 100 to 250 nucleotides. A newer machine by 
Solexa (now owned by Illumina) can deliver up to 20 million short 
readouts of about 27 nucleotides. Although Solexa's device may 
truncate slightly longer small-RNA sequences—some species run 30 
bases —Hannon, who has used both companies” instruments, says it 
usually provides enough information to identify a novel miRNA. 

While the huge number of sequence readouts per run makes the 
per sequence cost ultracheap, a single run is still quite expensive. 
“You dontt need a computer to figure out 99.9 percent of all the 


1356 


“You don't need a computer 
to figure out 99.9 percent of all 
the miRNAs in a human being. 
You just need a big budget.” 
miRNAs in a human being.” comments Zamore, “You just need a 
big budget.” 

‘There is a feeling among those in the field that miRNA discavery, 


perse, is hitting the point of vanishing returns. “The numbers of new 
miRNAS we're detecting are diminishing,” confirms Novina. 


What's Different? 

Meanwhile, expression profiting of miRNA molecules, once they'te 
found, is a growth area, Microarray techniques for profiling RNA 
‘expression, which were quite advanced by the time the study of 
miRNA began, merely had to be adapted for use with smaller species, 
Planar arrays are ideal for comparing small numbers of samples for 
patterns of over- or underexpression of large numbers of miRNAS. 

‘Ambion was one of the first companies to focus on the miRNA 
tools market. This company and its diagnostics-and-services spinot, 
‘Asuragen, have licensed Rosetta Genomics’ candidate miRNAS for 
their microarrays, which feature capture probes representing 13,349 
‘Sequences: several hundred of them from the public domain but 
the vast majority from Rosetta. Scott Hunicke-Smith, vice president 
‘and general manager of Asuragen's service group, says, "You can 
update a database every month, But you can't update content on 
‘an array cost-effectively every month. We think most of the near- 
term future releases of the Sanger database will probably already 
be represented by these sequences.” Based on its own preliminary 
inital validation studies (looking for expression in a small number of 
‘normal human tissues). Asuragen has already identified three to five 
times the number of miRNAs that show up in the Sanger database. 
Hunicke-Smith thinks this multiple could go to as high as 10 when 
more tissues are examined. 

Invitrogen is another big player in the miRNA-microarray space. 
Invitrogen’s microarray methodology makes it easy to detect 
ifferences in miRNA expression between two samples —for example 
tumor versus normal tissue—whose respective miRNA fractions 
fluoresce simultaneously at different frequencies, thus allowing 
comparison of samples processed under identical conditions, 
Invitrogen sells the microarray itself, the labeling kit, and a real 
time PCR kit for validating array data, says Invitrogen’s research 
‘and development lead, Christopher Adams. in May 2006 Invitrogen 
launched a kit for specifically amplifying small RNAS. “A lot of people 
in the stem cel field don't have a lot of cellular material available — 
in some cases as few as 100 cells,” Adams notes. “Evaluating 
ImIRNA expression in those circumstances can be a real challenge.” 
‘The ultimate goal. he says, is to profile a single cell without any 
amplification or other manipulation. 

For some academic laboratories, an alternative to buying arrays 
is to buy the probes and have them spotted onto arrays at their 
institutions’ own facilites, One leading probe supplier is Exiqon, a 
Danish company that manufactures “locked nucleic acids” (UNAS). 
Unlike RNA, whose ribose backbone is quite flexible, continuad » 
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Exigon’s synthetic oligonucleotide is chemically constrained, locking 
the probe's basesintoa hybridization-friendly conformation. Whereas 
miRNAs" short size makes optimizing probe-melting temperatures 
tricky, individual LNAs* compositions can be modulated to give them 
very similar melting temperatures, 

When a researcher doesn’t need to look at the entire universe 
‘of known miRNAs, but rather wants to select a set of them for, say, 
exploring a diagnostic application, Luminex offers a new bead-based 
technology that can multiplex up to a thousand samples—less costly 
per run than microarrays—testing each against probes representing 
320 miRNAs from the Sanger database. “The number of miRNAs that 
willturm out to be relevant for a particular condition may be 20, oF 10, 
or five,” says Keld Sorensen, director of research and development. 
“We expect scientists profiling miRNA for a particular medical 
condition to want to run large numbers of samples. If you have a 
thousand samples, you're going to want a multiplex system.” 

Unlike sequencing methodologies, hybridization techniques such 
‘as Lumine’s confront the dual challenge posed by miRNAs’ short 
sequences and the fact that they often cluster in families whose 
members may differ by as little as a single nucleotide. That doesn't 
leave much room for discrimination. To tell them apart, Luminex 
tured to Exigon's capture probes, Sorensen says, 


Time and Place 

‘An miRNA’S role in development practically guarantees that it 
will often exhibit transient or highly tissue-specific expression. 
Chemistries that increase the stringency of binding, as LNAS do, 
‘enhance in situ analysis, performed to locate cells or tissues where 
particular miRNA Is being expressed at a particular time in the 
developmental cycle. 

{locating miRNASis getting easier, inding out what they do there 
|s stil difficult, Attempts to learn about miRNA function usually boil 
down to painstaking, labor-intensive experimentation, says Bartel 
of Whitehead Institute, “You can use antisense reagents that will 
inhibit the miRNA,” he says, “But because each miRNA has hundreds 
Of targets, you'll still be at a bit of a loss as to what's the real 
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mechanism for any effect you see.” Also, while miRNA function can 
be transiently knocked down with standard or modified antisense 
‘or RNAi approaches, cell division dilutes such agents. Furthermore, 
Afferent cell types vary in their susce to transfection with 
these substances. “There's no good, universal, or conventional way 
of transfecting multiple, different cell lines,” says Robert Setterquist, 
‘senior manager of research and development at Ambion. “Each of 
themhas tobe optimized. And once you get that worked out, youstll 
may not be able to get good miRNA inhibition.” 


How Do miRNAs Work? 
‘Asthe numberof relevant miRNAs in humans approaches saturation, 
and as ever more of them are subjected to expression profiing 
‘and characterization within particular tissues or during various 
‘developmental stages and disease states, attention is turning to the 
thomy matter of target identification. 

Typical computational approaches grossly overpredictthe number 
of targets, as a random search of seven-nucleotide sequences wil 
yield more than 500 hits, says Deepak Srivastava, director of the 
Gladstone Institute of Cardiovascular Disease in San Francisco. 
Srivastava hopes to soon make public a more sophisticated 
‘computational algorithm. “Only around 20 or so miRNA targets have 
been validated atthe level of protein regulation. Virtually al of them, 
have something in common: The target site in the mRNA is located 
ina stretch of RNA that is physically accessible to the miRNA.” 
‘Srvastava's algorithm, in adcition to Searching the genome for spots 
amenable to binding to miRNA seed regions, also screens out DNA 
stretches whose transcripts would be likely to form secondary RNA 
structures rendering them inaccessible to a corresponding miRNA, 
Srivastava says this appears to significantly increase specificity, 
although perhaps atthe expense of sensitivity. 

‘ays Bartel, “Learning the biological function of particular miRNA 
target interactions is certainly possible, But i's a lt of work. I don't 
see any way aroundit,” 

Complicating things, there can be several miRNA-binding sites on 
2 single mRNA transcript. n a study published in early 2007, Bartels 
s10up picked a target mRNA with not one but seven predicted binding 
sites for miRNA, all of which sat on a section ofthe molecule whose 
deletion, via a translocation in the corresponding gene, was known 
to be associated with oncogenesis in humans. To see ifthe oss of 
translational regulation by miRNA wasindeed responsible, Bartel and 
his colleagues created point mutations in each of the mRNA'S seven 
‘miRNA target sites - and observed the same tumor phenotype. “You 
get the same results as if you had that translocation,” he says. “That 
tellsus that at least part of what's going on in those human tumors is 
the loss of suppression ofthat gene.” 

Bartel, who has long been out in front of the pack, says he's 
accustomed to inventing his own techniques, but “companies are 
making ita lot easier for people who haven't been working on miRNAS 
for the lat ix yea 

‘strong motive in any business, naturally, is to make money. But 
there are other incentives in play, not leas intellectual ones. *When 
You find out some miRNA is 100-fold downregulated in an early 
‘cancer cell.” says Lader of Qiagen, “and you know one miRNA could 
affect the expression of 100 genes, the allure of figuring out what's 
soing ons powerful” 


‘Bruce Goldman, a freelance science write livesin San Francisco, 
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Tissue HOMOGENIZER 

The benchtop Precelys 24 is dedicated to the grinding, lysis, and homogenization of biological samples. 
Itcan handle difficult samples such as microorganisms and bacteria spores; hard tissues such as teeth and 
bone; kidney, muscle, and hair; soil samples: plants; and more, It can load up to 24 tubes simultaneously. 
Protocols are flexible and easy to set. Buffer and samples are added in 2-mi tubes prefilled with specific 
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‘Multi-blocking Oligonucleotides 

The Multi-Blocking Morpholine oligonucleotides inhibit the activity 
‘of a targeted miRNA by blocking several steps of its maturation. The 
‘oligonucleotides inhibit that activity by sterically interfering with: Drosha 
cleavage of pri-messenger RNA, Dicer cleavage of pre-miRNA, loading of 
ImIRNA onto the RNAvinduced silencing complex (RISO), and recognition 
‘of miRNA targets by the miRNA strand on RISC. The strategy is to 
synthesize 31-base Morpholino oligonucleotide that is complementary 
to the miRNA and extends one base over the flanking sequence past 
the Drosha cleavage site, with the balance of the bases extending into 
‘and complementary to the loop sequence. Because the loop contains 
‘many unpaired bases, the Mult-blocking Morphotino has many single- 
stranded bases available for nucleate pairing and strand invasion, The 
‘duplex portion of the miRNA sequence is not perfectly paited, favoring 
Invasion of the miRNA sequence by the Mult-blocking Morphalino. 
Gene Tools 

For information 541-929-7840 

‘worw.ene-tools.com 


MIRNA EXPRESSION ANALYSIS 

‘A complete suite of reagents, instruments, and protocols is dedicated 
to the investigation of miRNAs by quantitative reverse transcription 
polymerase chain reaction (qRT-PCR). The mitVana miRNA Isolation Kit, 
TaqMan miRNA RT Kit, TaqMan miRNA assays, and 7900MT Fast Real-Time 
PCR System provide areliableand ready-to-use approach forquantitation 
‘of miRNA expression levels from a variety of sample types. The products 
offer a lower barrier to getting started and reduced technical variability 
In experiments backed by solid technical support. 

‘Ambion, an Applied Biosystems Business 

For information 512-651-0200 
\worw.ambion.com/catalog/workfiows/miRNA 


SMALL INTERFERING-RNA. 

FlexiTube siRNA (small interfering-RNA) enhances the flexibility of 
Qiagen’ range of RNA interference (RNAI solutions by providing a cost- 
effective option for analysis of small numbers of human or mouse genes. 
FlexiTube siRNAs are provided in economical 1-nmol amounts. They are 
designed using neural network technology based on a large set of data 
from siRNA experiments. The SIRNA design is ther checked for homology 
toallother sequences of the gename using an up-to-date, nonredundant 
sequence database and a proprietary homology analysis tool. Design 
Features include 3° untranslated region/seed region analysis, single 
nucleotide polymorphism avoidance, and interferon motif avoidance. 
Qiagen 

For information 800-426-8157 


wonw.giagen.com/siRNA 
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beads, ether glass ceramic, or metal. The single-use tubes prevent cross-contamination. The 
specific motion guarantee homogeneous and efficient grinding for reproducible, high-quality results, 


For information +331 393061 69 
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LINKER OLIGONUCLEOTIDES FOR MIRNA CLONING 
Three different adenylated linker oligonucleotides are available for 
‘miRNA library construction without the use of ATP. Linker contains a 
‘Ban-1 restriction site. Linker-2 contains Ava-1 and Sty: restriction sites, 
Linker-3 contains EcoR-| and Msp! restriction sites. Al three linkers are 
‘modified to prevent self\igation and can improve the cloning efficiency of 
‘miRNAs that have a S'-phosphate and react unfavorably when attaching, 
linkers using RNA ligase in the presence of ATP Traditionally, RNA ligase 
makes use of ATP to adenylate the 5'-end of a single-stranded nucleic 
‘acid sequence. The activated adenylated oligomer is then ligated to the 
3'-OH ofa second single-stranded sequence. In the absence of ATP, these 
adenylated oligonucleotides containing a pyrophosphate linkage are 
‘Substrates for Ta RNA ligase. 

tegrated ONA Technologies (107) 
For information 800-328-2661 
wwwcidtdna.com 


EuKaryoric MRNA, 
‘The capping of in vitro transcribed RNA improves the stability and in vivo 
translation efficiency of transfected messenger RNA (mRNA) in most 
‘eukaryotic cells. Capped mRNA\s also more efficiently translated in some 
{in viteo translation system. The ScriptCap m’G Capping System bullds the 
Cap Ostructure found on the 5'-end of most eukaryotic mRNA molecules. 
‘Based on the trfunctional vaccinia virus capping enzyme, this system 
Jncludes all of the components necessary to convert RNA containing a 
'"triphosphate to Cap 0 RNA. 

Epicenive Bietechnologies 

For information 800-284-8474 

\worepibio.com/scriptcapyce.asp 


IWTERNET Access To RNA 
An array of RNA samples available through an e-commerce site include 
those rom common cancers suchas breastand colon cancer. The company 
plans to add thousands of RNA samples from a wide range of diseases. 
Each sample of total RNA is from an individual danar and supplied in 
5-mg aliquots. Each sample includes clinical data and pathology report 
details so the clinical context of the RNA can be understood. Each sample 
hhas been qualty-assured through the use ofthe Agilent Bioanalyzer and 
confirmed to have an RNA integrity number of at least 6. This ensures 
that the materials are suitable forall forms of gene expression analysis, 
from Northern blots to Affymetrix chips. 

Asterand 

For information 313-263-0960 

solutions-asterand.com 
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duct stndard molecular and genenc anals 
iments designed to resohe the mokcular bass of the 
ropome to fyposia the context of the role of 
ath growth response in och a eo (oll cule 
ture) 2nd in vvo (animal stdiex The candle 
dre the queson of the role of pl inthe bo 
ogaal regime to fypoata atthe WaRcnpt, poten, 
and actity evel ofa yarkty of candidate gece: To 
Sccomplsh these gods, the candidate will be re 
‘Quire 0 design ann carry out these stds with the 
flowing expertise cocntal 3 follows: Dutics sill 
timolbe cell cure (bah pated oomenersaly 3+ 
Ne cal ines an primary okt from anunal tase), 
‘molecular and ecbular biology assays (ie & required 
that the weceaful candidate be fully proce in 
RNA/DNA manpulsion, subconing, PCR, dat 
phoresis, and molccubr cloning), Americ gene 
hp expecaion ara, and bhechcmical ays (West 
tm bloting. protest expression, an nals of signal 
‘wansdacun pathways) The appa must be able 
to remice pemury cndethdlal a nlaninator cs, 
tuch an munoxotcs an T and B rophocyte, from 
‘mouse dues and peripheral Bont Thus, adaitonal 
‘fics wal slide the mantenance of the colons 
‘of animals nocewary for these stadia. This tnclades 
Snimal handing (complex breeding. genony TAME. 


“tee . 
‘Alaiiondlly. he/she wil prom eer rete tes 
even tthe inet of te aera, rear 
eset, or work unt as anapned, It expected hat 
{he scent caine wil be ade to peritem ach of 
the abone tas nkponcon and pert Hing 
the prinapal meson on a day tas 

he candidate mat havea doctoral gree snd at 
tea tne years of eapricnce in resarche 
‘pene cach of these 


penmty Empl 


[RESEARCH ASSOCIATE (POSTDOCTORAL) 
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RESEARCH PLANT PATHOLOGIST 
GS-043411/12 
$52,912 to $82,446 Per Annum 
The USDA-Agriculunl Rescarch Service, Sugar 
beet aad Porato Research Unit at Fargo, North 
Dakota, is seeking a permanent, fulltime, Research 


Plane Pathologst to conduc escarch to alviate dis 
‘ase lowes and enhance eficincy of sigarct pr 
Suction. The mission of the Suge and Potato 
FRescarch Unit to amprone dhe quality and profi 


Sd pentharveat physiology 
Scam reuls wil len buochemfeal moshanisns 
lander ing puthogeniaty and/or sirucnee possessed 
by sugarbcet fungal and vial pathogens, provide 
srcation strategies for important sigarbect ath 
|gemat the specs and strat evel aa lentils gees 
{ind ther marke) and biocontrol agents that so 
‘ition natural restance in sugatcet pathogens of 
limportance to sugar protucton. A comprehenive 
Sete package spa ak ae lata 
leave, Ie and health isurance, a savings and invest 
ment plan (401 type), anda federal etree nt 
Fe more information on the research program a 
sao, cnt ame Wadi ele 
701-239-1203. Complete information and apis 
tion procedures may be obtained at website: 
Ings) /wawafm.arssnda,gov/ divisions rd 
index hemi. To have a printed copy ofthe vac 
sinnouncement maled tn seu, cl telephone: 70L 
259:1203 cr email wadzinkj@fargo.arsusda, 
iow. Mail appicatons tor USDATAgeeuttural Re: 
Search Service, Human Resources Division, Attn 
Kell A. Martin, 5601 Sunnyside Avenue, Stop 
5106, Heltsilley MD 20708-8106, fs: 301-54 
RS: email: sdrecruit@arsusda.gov. Applications 
sist be marked ARS X7W-0212 sal be ponmarked 
by Tuy 13, 2007. CCS. gnscwhip gut. USDA 
ARS igual Oppo Eile and Provide 


(CHIEF of RESEARCH SERVICE 
“The Minneapolis VA Medial Center ines ap 
pcan forthe poston of Awocte Che of Sat 
TACOS) fr Rescach This person wil be responsible 
fe the eneraght of all etch once athe 
Medial'Cemer inching departmental. manage 
tment progam oncnight and cooniatin, cm 
ina ade aia 
cs mt had an MD. oe PD 
degree and be cligible for appointment 
Uiirenity of Minnesota Acteal School 
ASSOCIATE PROFESSOR or PROFESSOR 
ike Eapeince widin the VA mem i high 
erable” Appian ahold have 2 cord odie 
Singuedsvaomplsments academic scar 
Snd'substantol caperence i administration. The 
Sc can wil be tps oa a 
Xie research progr and to asiote growth 
ew and exiting march programs. at the VA 
{rchoding caso reach wh the Univer 
Siccel eapercnve in mentonhip f cwenta The 
secre candle mow demonstrate an 
lance ll cements ofthe VA's mision and 
Collate seo al partment tthe VA an 
sith re departncnes at the Univenty of 
Mette tassel cds sll se 8 
iret nd sum 


Minneapots VA Medal Conter-HRMS (05) 
1 Veterans Drive 
‘Minneapolis, MN 55417 


Spplistin procedures pul Enpopmnt Oppnmnty) | Or at fax: 612-725-2287, Telephone: 612- 
‘muse ADL 725-2060. 
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Tenure-Track Position in Endocrinology and Metabolism and Human Obesity 
NIDDK Y National Institute of Diabetes and Digestive and Kidney Diseases 


We seek an outstanding scientist to direct a vigorous, innovative research program in the Clinical Endocrine Seetion of 
the Clinical Endocrinology Branch to advance knowledge in the area of obesity and weight regulation with particular 
‘emphasis on the neuroendocrine aspects of weight regulation and the role of sleep in obesity. Applicants must be 
highly motivated and have a demonstrated track record through publications that address significant contributions to the 
field of endocrinology and metabolism. The successful eundidate’is expected to develop an independent, world-class 
research program complementary to current investigations within the Branch: The position comes with generous start 
up funds and on-going support. 


The Clinical Endocrinology Branch, NIDDK is located on the main NIH campus in Bethesda, Maryland, a suburb of 
Washington DC. The Branch represents interests similar in range to those of an academic department. There are strong 
interactions among the independent research groups, and the position offers unparalleled opportunities for interdisci- 
plinary collaboration within NIDDK and throughout NIH. Applicants should submit a curriculum vitae, bibliography, 
Copies of three major publications, a summary of research accomplishments, a brief'statement of future research goals, 
aand arrange for three leiters of reference to be sent to: 


Dr, James Balow, Chair, Search Committee, c/o Glynis Vance, NIDDK, 9000 Rockville Pike, Building 10-CRC/ 
Room 5-2551, National Institutes of Health, Bethesda, MD 20892. 


Application Deadline: June 30, 2007 


Tenure-Track Position in Human Energy Metabolism 
National Institute of Diabetes and Digestive and Kidney Diseases 


ist todirect vigorous, innovative research program in human energy metabolism and serve as Director 
of the newly established Metabolic Core Laboratory (MCL), Clinical Endocrinology Branch, NIDDK. The MCLiperforms a number 

F including exercise testing, physical activity monitoring, body composition measurement, and 24-hour energy expenditure 
analysis in health and disease, “Applicants must be highly motivated and fave a demonstrated track record through publications 
that address significant contributions in the areas of energy expenditure and physical activity as it relates to metabolism and weight 
regulation. The suecessful candidate is expected to develop an independent, world-class esearch program complementary to current 
investigations within the Branch and to successfully oversee the functioning of the MCL. The position comes with generous start 
up funds and on-going support. 


The Clinical Endocrinology Branch, NIDDK is located onthe main NIH eampas in Bethesda, Maryland, a suburb of Washington 
DC. The Branch represents interests similar in range to those of an academic department, There are strong interactions among the 
independent research groups, and the positon offers unparalleled opportunities for interdisciplinary collaboration within NIDDK 
and throughout NIH. Applicants should submit a curriculum vitae, bibliography, copies of three major publications, a summary of 
research accomplishments, a brief statement of future research goals, and arrange for three letters of reference to be sent to: 


Dr. James Balow, Chair, Search Committee, c/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Building 10-CRC/Room 5+ 
2551, National Institutes of Health, Bethesda, MD 20892. 


Application Deadline: June 30, 2007 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


NIDDK G Tenure-Track Position in Clinical Research in Diabetes and Kidney Disease 
National Institute of Diabetes and Digestive and Kidney Diseases 


We seek an outstanding sciemtist to directa vigorous, innovative clinical research program in the epidemiology, physiol- 
ogy, and treatment of type 2 diabetes, diabetic nephropathy, and related disorders, Applicants must be highly motivated 
and have a demonstrated track record through publications that address significant issues of causation, prevention, and 
treatment of these conditions. Applicants must also be licensed to practice medicine in one of the United States and 
have substantial experience in community relations, recruitment, and clinical research among US minority groups. The 

sssful candidate is expected to develop an independent, world-class research program complementary to current 
investigations within the Phoenix Epidemiology and Clinical Research Branch (PECRB). The position comes with 
generous start up funds and on-going support, 


The PECRB, NIDDK is located in Phoenix, Arizona. The Branch represents interests similar in range to those of an 
aacademie department, There are strong interactions among the independent research groups, and the position offers 
unparalleled opportunities for interdisciplin collaboration within NIDDK and throughout NIH, Applicants should 
submit a curriculum vitag, bibliography, copies of three major publications, a summary of tesearch accomplishments, 
«brief statement of future research goals, and arrange for threé letters of reference to be sent 10: 


Dr, James Balow, Chair, Search Committee, c/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Bldg, 10-CRC/Rm, 
5.2551, National Institutes of Health, Bethesda, MD 20892. 


Application Deadline: June 30, 2007, 


NIDDK G POSTDOCTORAL FELLOWSHIPS IN MOLECULAR AND CELL BIOLOGY 
D7 Nasional institute of Diabetes and Digestive and Kidney Diseases (NIDDK) 


We are sccking outstanding postdoctoral candidates holing a PAD. an MD or an MD-PAD with background in molecular and cll biology and yenetics interested 
in the following research topics 


A) IDENTIFICATION OF NOVEL REGULATORS OF MESENCHYMAL STEM CELL SPECIFICATION 


‘he laboratory studies the transcriptional epilition oF adipogenesis and is curently interested in thechiracteriztion of Hove molecules that can influence adipocyte 
cll incage specification. Ifyou would like wo apply fr a postdoctoral postion jn this laborer, please send your cuticulm vitae with a cover eter to De. Elis 
betta Mueler(elsabettamazniddk thoy) To learn more about our research please Visit our lab website at tp://intramural nddk.ih ov/researchifaculty, 
asp?People_1D=1702 


1) SKELETAL MUSCLE STEM CELL REGULATION 
‘Our Laboratory studies the role of TGF beta farnily membersin skeletal muscle development and mctabolien. A postdoctoral pions aailable to study the regula 
tion of alt skeletal musele stem cell quiescence and activation. Please send your curicuum vitae with a cover eter to Dr. Aleaandra McPherron (mncphertonal 
nidik.ntngou) To lear more about our research please Visit our lab website at http/Zintramuralniddhnihsov/research/facultyaap? People 1D=1701 

© BIOLOGY OF SPHINGOLIPID SIGNALING. 

‘The laboratory studies the signaling functions of sphingolipid, a diverse group of cellular lipids with focus on thir roles i immunity and inflammation. Ifyou 


‘would like to apply for a postdoctoral position inthis Inboratry, please snd your curriculum vitae witha cover letter to Dr. Richard Pris (peviaganih gon). To 
learn more about our research, please vst our ab website at itp:/latramuraL.niddk. ih goviresearch faculty asp? People ID=1533 


Applications will be reviewed upon recip. The sled candidates wil be contacted for an interview within a month foe the application 


‘tut NATIONAL INSTITUTES OF HEALTH 


Tenure-Track Positions 


NIDDK @) Liver Diseases Branch 


New Research Initiative ~ Fatty Liver Disease & Obesity Tenure: Track Position: — 

The Liver Diseases Branch of the Nationa Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), Nationa Institutes of Health 
(NIL invites applications for one tenure track position from scientists interested in basic and/or clinical rescarch involving non-aleoholic fatty 
liver disease and metabolic syndrome. Specific areas of research interest include pathogenesis and mechanism of metabolic derangement in non- 
alcoholic fatty liver disease and its pathophysiological link to insulin resistance and obesity. Priority will be given to applicants atthe Assistant 
Professor level in traditional universities or those finishing their post-doctoral fellowship positions. 


‘New Research Initiative ~ Liver Stem Cells “Tenure Track Position: 


The Liver Diseases Branch of the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health 
(NIE) invites applications for one tenure track position from scientists interested in basic andor clinical research involving mammalian adult 
sem cells, Specific areas of research infrest include functional differentiation and mechanism of development of adult tssue-derived stem cells, 
especially those ofthe fiver, and potential clinical application of stem cell therapy in liver diseases. Priority will be given to applicants atthe 
Assistant Professor level in traditional universities or those finishing their postdoctoral fellowship position, 


The applicant must have a proven record of accomplishments and will be expected to propose and paste an independent research program in one 
ofthese fields. The position offers unparalleled opportunities for interdiscipinary collaboration within NIDDK and throughout NIH. The Liver 
Diseases Branch of NIDDK is located on the main intramural campuis ofthe NIM in Bethesda, Maryland, a suburb of Washington, D.C 
Interested applicants should send a Curriculum Vitae and fist of publications, copies of three major publications, summary of research aecom- 
plishments, plan for future research, and thre letters of recommendation to Ms Michelle Brown, Search Committee, Liver Diseases Branch, 
MIDDK, Building 10-9B16, NIH, Bethesda, MD. 20892-1800. Application deadline: September 1S, 2007. 


| | 
Postdoctoral Research 
Training at NIH 


Launch a career to improve human health 


Work in one of 1250 of the most innovative and well- 
equipped biomedical research laboratories in the world 


Explore new options in interdisciplinary and 
bench-to-bedside research 


Develop the professional skills essential for success 


Earn an excellent stioend and benefits 


Click on www.training.nih.gov 


Office of intramural Training and Education 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


Founding President 0 KAUST 


King Abdullah University of Science and Technology S 


“The creation of KAUST with its high aspirations, bold design, and remarkable resources 
is an event of singular significance, not only for the Kingdom of Saudi Arabia, but for 
the region and the world.” -ioressr Fant WT. Rhotes, President Emeritus, Cornel Univesity 


The University Qualifications 


King Abdullah University of Science and Technology [KAUS rv : cand private-sector search 


being bul in Sau Arabia as an Intemational, graduate-level researeh comm ident ‘candidses forthe poll 
194 new age o! scientific achievement KAUST Founding President. The searh i open to academic a 
the region, and beyond, As an independent, merit cn-academic candidates of sgniicant a 


sensitive campus, locate on 3,200 at ing a complex organization 
et to open in 2009, re in fos ademia, industry, 


The Research a tional sis 


snifcance of KAUST 
nd inspire theo 


AUST will focus on research that apples scence and technology 


tlevelopment, Rather than organing around academe disciplines od exte 
AUST will focus on cros-dsciplinay, problem-orented research 
+ Recuces Ente Emvanment Contact Information 
+ Materials Science and Engineering om/fery International, whichis asstng the KAUST Presidential 
+ Blesclences and Engineeting Search Commitee, invites confidential inquiries, applications and 
«+ Agpled Mathematics and Computational Science nomnatons* Al communications wil be hed n absolute confidence 
‘ditionally stating in 2007, the university &esttisning ts externa should include a CV and etter exptsining interest and 

1 Research Partnership ic i provide multiyear “unaing fence; nominations shoud include nominees conta 

fer, KAUST Investigators, and KAUSI mation, incuding email address. The gestion is avalabe 
Research Fe h St January 2008 or 28 soon thereafter as possible 
Korn/Ferry International 

The Students KAUST president ePiornterryco 
KAUST will use ‘sed John Kui 
to attract male ale graduat . Managing Director-Giobal Edu 
talent ofall nation i etigious faiths. The 7 Washington, DC 602-765-4643, 

350 KAUST graduate students will begin classes in 2008. At EanardHardirck 

KAUST wil enoll about 2,000 stud fn Senior Cent Partner 

PAD programs Dubai, UAE971-42-04-55-738 
wo programs wil be offered 
* The KAUST Discovery Scholarship 2 preen 


support undergraduate students at 


before entering KAUST 3s masters degree cand 
+ The King Abdullah Seholars with four-year fu 
along the lines u 


ScienceCareers.org, 
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Theoretical 
Staff Scientists 


The Farts Tear Facty pies theo 
doo to tans onpmet permet: poe 
Botedoment one pce oe peo 
Sarr od wus: Sec wes seat 
AON MRRM ie crs nrenetunc ey 
aot sited suc snd on roca were 
Iter» Sct te por tl eek 
hc bond sua Rec Dye 
sede Proprio the Rae 
rz0ui), win one ua of ame 
‘ttt masa foc ste ty 
St meal enc ar hema pers 
fn once ad Ranowse of Rate 
(rdoaa), wth anon te eo cea 
‘Stone poate moa Sami aor 
‘ovale nd coe gated clon the 
Syl (a) payne Men et yt 
Sehnert se ale, 


fee yt oine x Mp eaibae, Sec 

and enter the conegonding joe # the 
seve ld Inaliten, pate sre flowy 
welcation ‘mates fo the “comespondng 
thai Theory20413@ewom2ibLgey ot 
Theor20414@eroom2.BLgow Includes sume 
tr OF summary of rseanh teestsfeseach 
flan ie te, frm fone or mow reseach 
Dropouts ond a at fa last ve werner. 
Neral.gv ANEED 


KECK 


SCHOOL OF MEDICINE EG 


Zilkha Neurogenetic Institute 
Keck School of Medicine 
University of Southern California 
Cellular/Molecular/Systems Neurobiologist 
The Zilkha Neurogsnetc Insti (ZI) is eeruitng a candidat 
4 temuretrackponiion atthe evel of Assistant or Associate Profesor, 
The ZAI, whichis supported by major funding from W.M, Keck Foun 
tion and ther significant philanthropic sources, is housed ina recently 
complete facility of 125,000 ga. The goal ofthe ZNI i 10 catalyze & 
faajor expansion i asic newoncicace research at the Keck School of 
Modicine (KSOMD, We seck a aeurabiologist, PAD, and/or M.D, With 
sn outstanding academic record and an ines ative research progam 
cellular, molecular, or sysioms-level processes they petit tf 
damental aspecs of ncual development and function. The succesful 
candidate will receive a generous star-up package and will eeome part 
ff an active and growing research group within the ZNI. The sucess 
Canaladate will hve a primary academic appoituinen in abasic wlenge 
<panmcot within the KSOM. He or she will have the opportanity (0 
picipate in the scicniic and teaching adits ofthe deparunent, 
tel asin USC's neuroscience graduate program, 
Applicants should submit a curriculum ila, a research plan, and three 
betes of recommendation to 
“Jeannie Chea, Ph.D, 
Chale, Search Commitice 
Zitkina Neurogenetic Institute 
Keck School of Medicine of USC 
1801 San Pablo Street, ZNEAO} 
Lax Angeles, CA 90033 
en ond irri cama are encouraged ops 
Ecqual Opportunity for oustarting men and worn 


JOHNS HOPKINS 


BLOOMBERG 


SCHOOL / PUBLIC HEALTH 


E.V, McCollum Professor and Chair 
Biochemistry and Molecular Biology 
The Johns Hopkins Bloomberg Schoo! of Public Healt invites applica 
tions forthe endowed EV. MeCallum Profesor and Char ofthe Depart 
tment of Biochemisry and Molecular Biology. The succesful applicant 
‘wll havea independ ly funded research program. eadership ki 


anda vision forthe integration of fas and public health-based sciences. 


This position offers unique and exciting opportunity to recat new Ec 
uty ito excelent icles and build new programs at the nersetion 
of basic sience, medicine and population hea 
The department is fated within a collaborative ane highly interactive 
environment with super core ficilities ofthe Johns Hopkins Medical 
Institutions. Wahi the dspartment there is:3 well-established taining 
program for PAD and masters stents, 
Applications should include a CY, staement of research interest and 
‘ston of leadership for an oustanding baste scicnce departments th 
setting ofa school of public health. Applications should be subeniied 
by August 1, 2007, to: 
‘Chairman, Search Committee 
for Biochemistry and Molecular Biology 
c/o Ms. Susan Waldman, Special Assistant 
‘ice of the Dean 
Johns Hopkins Bloomberg School of Public Health 
(61S N. Wolfe St, Room W 104t 

Baltimore, MD 21205 

sumaldma a jhsphed 
Johns Hopkins University tan Exvol Opporaniy/Afirmative Action 
Emplover committed i recruiting sport anal fosters vera 
romani of outsanng facts. aff ard tides on 


wh share this sal are encnragelB 


[Og UNIVERSITY OF 
HEALTH SOUTH FLORIDA 


ASSISTANT/ASSOCIATE PROFESSOR 
Department of Molecular Pharmacology & Physiology 
‘School of Biomedical Sciences 
University of South Florida Heath, 

College of Medicine, Tampa, Florida 


KENT STATE 
VNIVERSI TY 


Faculty Positions in Liquid 
Crystals and Biological Materials 


Liquid Crystal institute, 
‘Chemical Physics 
Interdisciplinary Program, and 
Department of 
Biological Sciences 
Jn 8 major joint venture, the Liquid Crystal 
Insitute Chemical Physics Interdisciplinary 
Program and the Department of Biological 
Sciences at Ret Stale Univeriy a recraing 
to new fulltime faculty member to workin 
the inerdsciplinary eld of experimental soft 
‘mater, biomaterials, biological physics, and 

‘molecular balogy 

The postions are funded by the State of Ohio 
and Kent State University, ne wth appointment 
inthe Liguid Crystal nstitate-Chemeal Physics 
Interdiseiplinary Program and one inthe Depart 
tment of Bilogieal Setnces, beginning January 
1008 

The postions offer remarkable opportuntics for 
work in the area of Liquid ery biopolymer 
Insite is Teader i basic and applied Liga 
cya sclnce, with abroad range of research 
Bctvities, exemplary facilities. and a 
Scimtife almosphere, The Departnent 

logical Sctenves houses exlenave core genomic 
roca, macroseopy ad maging Fabien and 


able on the 
ented and i 
Hwwwkenteduialogs 
Forthe Liguid Crystal stitute position, we sek 
ai experimental scent focused on the pls 
fal propertin of sof malt and biomaterials 
Responsibilities wc conducting Vigorous 
program oF innovative and funded research 
Supervising graduate students, and teaching 
Aoctoral and masters level clisser, Qualia 
tions: PhD. In Physicn, Chemical Physics 
iophynics, Matern Sesence, oF elated Feld 
Applicants must alo have an estab reson 
‘of high quality scholaly research and ability 10 
For the Biology position, we seck molecular 
biologist fOcwsed on crowedsciplinary itera 
tions between biological systems and Tiguid 
‘rynal and other omaleraly The sucess 
‘anidate will have an snterated approch Io 
‘udies at the cellar and molecu level, and 
Interest in appying advanced biomoleclar and 
materials scence concepts to biology andor 
‘medicine. Qualifications: PhD. in Biology 
Hlochemisty, of related eld and postdoctoral 
‘experince. Applicants mst have am exablished 
‘econo high quality scholarly rescarchand will 
tie expected lo neck und secure extramural urd 
ing. Curent extramural Funding is required foe 
pplication foe senior ranks, 
Review of applications wil begin August 
2007, and comin until the postions are Bled 
To apply. please submit alter of application, 
CVeand contac information Vr tee references 
{o: Prof. Jonathan V. Selinger, Obio Eminent 
‘Scholar in Soft Matter Theory, Liquid Cry 
fal Int 


‘Kent Sue University ian Afrmative Action 
Exual Oppartuni: Emplver and encourages 
plications frm candidates whe wend enbance 

the very of the Universi’ fc 


Founding Director and 


Ontario Research Chairs 
Biorefining Research Initiative (BRD 


Lakehead University & seeking outstanding scholars t fill wo positions in fields relevant to 
biorefining processes that transform low-value biomass feedstocks into multiple 
highervalue products. Candidates with expenence developing university industry 
partnerships wail be highly valued. 


Founding Director & Senior 
Ontario Research Chair 


(one position) 


Prospective candidates must be senior scholars with an international reputation for 
leadership and research excellence, a PhO in elated dscipline(s), and a demonstrated rack 
‘record of attracting external funding, The incumbent will be responsible for the overall 
leadership and success of establshing a new Biorefining Research Iniative (BR) which wil 
‘eventually become a research instkute pending Senate and Board approval. BRI is expected 
to become a world-class centre of excellence dedicated to developing transformative 
technologies and products from biomass. The Founding Director will aso be responsible for 
developing interdiciphnary reseatch programs and mentoring junior scientists and highly 
‘qualified personnel. Lakehead Univesity s committed to providing the resources requited 
Yor 82s success inchading space and the recruitment of faculty and technical sa as well as 
provision of administrative asstance. The succesful candidate wil be appointed atthe 

full: profesor level with tenure and with no teaching responsibilties, 


Ontario Research Chair in 
Biorefining Technologies 


(one position) 


Prospective candidates are expected to have a PhO in a related discipline(), be scholars who. 
hhave achieved or have the potential to achieve intemationa recognition in their fel, and 
Ihave a demonstrated track record of atracting extemal funding, The successul candidate 
wil be given a tenure-track oF tenured appointment atthe associate or fll professor level 
depending on credentish and experience and wall ave minimal teaching tesporsbilis 


The 68 has been made possible through a grant awarded by the Ontanio Ministry of 
Research and Innovation wivch wil be endowed in perpetuly by Lakehead University. 
The succesful candidates will be provided with competitive salaries and substantial 
start-up funding 


Loteheod Univeriy so comprehensive universty of 7,700 students, 2,280 faculty and sta, and 
‘on octve and growing research emironment with Rs main campus in Thunder Bay ond a branch 
‘compu in Ori. We have nine facades including «Fact of Medicine. Lakehead University 
was designated “Canada’s Rexeach University of the Year” in the undergraduate category for 
research intensity ond growth in 2006. Additonal information aboia Lakehead University can be 
(ound on cur webtite of wun takeheads.ca 


earch 
plan (candidates for Founding Director postion should also provide a vision statement 
forthe BR), samples of research, and names of three references to: 
‘Dr. Rul Wang, Vice-President Research, Lakehead University 
‘955 Oliver Road, Thunder Bay, Ontario, Canada P7B SEY 
fax: (807) 346-7748 e-mail: rulwang@lakeheadu.ca 


Review of applications will begin on September 1 
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Universitat Karisruhe (TH) 


"olan ewe ornare ri cy Oo 

‘re ploming to inegat harrsearn ates bn sect 
enews ne seat coop te 

[ie tind yh Geman Ecelece stv we Sok pcos 
Professor (W3) 


‘onconal 
‘School of Optics and Photonics (KSOPY” 


Teaching dutes nhude partcpaton in the education o physics students 
as wellas of students majoring n ober natural scances or engineerng 


The, Univeraty of Karte sims fo nea ta numberof onale 
‘woos 


{€5-1301/1310/1330: $111,676 to 168,000 per annum 
Rate limited to that rate for Level I of the 
Executive Schedule (5 U.S.C. 5304 (9) (2) 
‘Become a member of an cite esearch and development community 
inveved in bask and aplied scientific esearch and ad anced technological 
‘development for tomorrow's Navy and forthe Nato 
+ Manages dices, and administra recognized scientific werk force con 
<dcting 2 broad specirum research program in asrophysis, sola-terrestri 
physics upper middle amowpicn sien, and aston 
Executive direction and technical leadership the development of polices 
and objectives necesary in conducting a program of research development, 
Sradevalation fading w the creation, option and application of imywoved 
Sad new concept prtcipes methods, sensor and cchnigucs appiable 
to understanding and oberg the space emronment 
Prag consi to the Navy, other ageeies and nation onthe sence ant 
developing applications forthe RAD programs under hishcr cognizance. 
‘Applicants should be recognized as atonal ntemationalauthritien and 
‘ald hve planned and ceccuted diicul programs of atonal ngcanee 
for aposalina programe that show outstanding attainment inthe Bt of 
rewurch 
ptonalAplicaton fe Feral Lnploymen (OF-612, Apctin for 
71), erresume along wih technical gua 
v Core Qualia (ECs) mun be veeced $0 dune 
2007. In order to receive fl consideration all technical qualications atl 
ECQ's mua be danse i deta, 
‘Apply i: Naval Research Laboratory, Announcement #NET-XNXX-0- 
ISL SES, 8 Over Aes SW Wego DC TAT, 
Faed or cmaled applications wil wot be scopic To view fl 
nnouncent ander apply calne vist btpetrolar.nay.mobe! 
index nm, 
For farther information sontct Kathy Weave, ua Resources Of, 
[NRL at Kathysweavera aryl (202) 404-005, 
NRL ta Equal Opportunity Empl 


New Scientists, Senior scientists and Department 
Research Director positions offered at Novo Nordisk 
China R&D center 
‘Zhongguancun Life Science Park, Beijing, China 


‘Nonisk’s growing international RAD organization Buiklingonitsexensive 
expertise in protein expression and purification, NNST actively hentify and 
‘alte nove ru args inthe reso cancer inamuncogy and iflanmatoey 
diseases 


[NNST hus three departments: Molecular Biology Protein Chemistry and 
[Celt Biology. We are now announcing new sient positions in these 
acpartments and we are seeking or highly motivated scent plan 
advance their career in China. The new scientists wil takepart ia the 
following responsibilities: 1) Expression. purification aod analysis of 
therapeutic proven like eg Abs produced and otiized a laboratory to 
pie scale 2} Novel dr target alentification and eval of opportuni 
> immunowberapy of cancer and inflammation. 


The successful candidates must have the Following qualificaices: 1) PRD. 


bictogy. blochemistry.molecularbilogy oe poteinchemstry:2)>2 years 
(Post Be. hands-on experience and a good scientific wack record within 
imamunolog. inflaton ance cancer research: 3) preferentially str 
andlor ofemational experience; 4) ndependent inovator and at the seme 
times strong team player. enjoy peblen solving and love thechallengeof| 
achieving ambitious goals: 5)excellent communication skills in English, 
which s theofficial company language. In adition. the candidates for 
Research Director of Protein Chemistry must aye excellent trackrecod i 
protein chemistry, and industria & management experience 

Tite and compensation will be dependent on the individual candiate's 
qaliicatons. Foe detailed information regarding tov kal potions. 
please check the website www.eblotrade.comvjobf or send an inguiy vi 
e-mail to mast novonordisk.com. 


Associate Director, Sciemtific Affairs 


Lica) 
Montreal Neurological Institute and Hospital) 
MeGill University 


The Montreal Neurological Institute and Hospital will hire an 


Institute and Hospital under the 
Director. This person will be responsible for the 
‘success of the scholarly mission of the Institute, which has both 
basic research and clinical components, and engages about 7 
faculty and 400 staff members, He or she will play a central role 
in the recruitment of ew faculty, organizing the Institute's 
intemal grant review program; preparing scientific reports; 
planning scientific retwats: and organizing lange institution 
‘grant applications. He or she will also serve asthe liaison with 
McGill University and the MeGill University Hospital Centre 
for academic and research issues. Strong interpersonal skills 
and expertise in writing are essential talents for this position, 
Applicants with MD or PhD) degrees and experience in university 
for industry-based research organizations, or in foundations that 
fund medical research will be of particular interest. Applications 
should be sent by email to seientifie-affairs.mnia megitLea or 


by mail: 


Dr. David Colman 
Director, Montreal Neurological Institute 
‘3801 University Street, Room 636 
‘Montreal, Quebec, HI3A 284 
www.mniamegil.ca 


Deadline for receipt of applications is July 15, 2007. All 
qualified candidates are encouraged to anply; however Canadi- 
fans and permanent residents of Canada will he given priori, 
‘McGill University is committed to Equity in Employment. 


_ DEPUTY DIRECTOR 

f ‘National Institute of Diabetes and Digestive and Kidney Diseases es 

Ss Department of Health and Human Services Comes 
National Institutes of Health 


‘THE POSITION: The National Institute of Diabotes and Digestive and Kidney Diseases (NIDDK) is socking exceptional candidates for the 
position of Deputy Direetor of the Institute, The incumbent serves as an ative partncr with the NIDDK Director in the leadership of a S18 
billion national organization that conducts and supports biomedical and behavioral research. The NIDDK. supports and conducts research 10 
understand, trea, and prevent some of tbe most common and severe diseases affecting the public health, and disseminates research findings 
‘and health information to health care professionals, paticats and the public through national health information and education programs 
(lutp://www2.niddk.nihgov/). This position offers a unique and exciting opportunity for an extremely capable individual to share 
Sirony and visionary Ieadership to an onganization dedicated to uncovering new knowledge and technologies, both 
The NIDDK sccks candidates who have a conunitment to scientific excellence and the energy. enthusiasm, and innovative 
thinking necessary to help ead major strategic planning initiatives and their subsequent careful implementation, The Deputy will be expected 
to represent, and speak on behalf of, the Director and the Institute before Members of Congress and their staffs, high level Government 
officials, leaders of national voluntary and professional health organizations, and leaders in business science and academia 
QUALIFICATIONS REQUIRED: Applicants must possess an M.D., PLD., oF equivalent degree, as well as senior-level research 
“expetignce or knowledge of research programs in ane of more of the folkweing discase arcas: diabetes, endocrinology and mctabolic dis- 
‘eases: digestive diseases and nutrition; and kidney, urologic, and hematologic diseases. Candidates should be outstanding communicators 
and known and respected within their professions as distinguished individuals of outstanding competence. Applicants should also 
‘demonstrate the ability to think strategically, work collaboratively and use a consultative approach to problem solving and decision making. 


SALARY/MENEFITS: Salary ix commensurate with experience and a full package of Civil Service benefits is available, inclu 
retirement, health and life insurance, long term care insurance, leave and savings plan (401K equivalent), This position is subject to a 
hhackground investigation 

HOW TO APPLY: A Curriculum Vitae, Bibliography, and two letiers of recommendation must be reecived by July 2, 2007. Application 
jruckages should be sent to the National Institutes of Health (NIH), National Institute of Diabetes & Digestive & Kidney Diseases 
(NIDDK), 31 Center Drive, MSC 2560, Building 31, Room 9A-16, Bethesda, Maryland 20892, For further information, please call 
(301) 594-7772. All information provided by candidates will remain confidential and will not be released outside the NIDDK search 
process without a signed release from candidates. 


DHHS and NIH are Equal Opportunity Employers 


= Departs af Wralih ad Haman Serio > 
g ‘atonal ates of Heath fe) 
< Nationa Heart, ang and Blood Taste 2 


Metical Officer (Deputy Director). AD-602-0/0, Division of Lung Diseases 
The Nationa Heart. Lung. and Blo Insure (NHLIBD atthe National lstintes of Health (NIM) sce 
dynamic pysiian-acentst wo provide strat leadership and advice tothe Division Director, Branch | 
[Chit and other Division staf on programmatic and administrative aspects of the Divison of Lung | 


Faculty Position Discs (DUD) operations sel oral recto os anal an intemal search pyran, DLD 
‘Small Anvmal Imaging set scan thea potenti and este ngs an ssp der Rescahs 
facil trough tvesigacretincd and istnacoied eat and cot! prograe dsm ars 

“The Depart of Surgery of The OtioStte || | inclaig xh, chen ctunctne plemeay dene, cyte tras, netic at! sp ica 
University Matic Center seeks a tenure: J | [ee and acts long say. developmental bodogy and patie pulmonary dscascy nunelony and 
track oc tenured fulltinefeaty memberat | | | Ross, lng cll nd asco bag, and play complain of AIDS and bres. Tho 
thelevel of Assistant or Associate Professor to [Deputy will have a major role in shaping the national peograms in pulinonary research and training, 
Uevsopa recur progam erinailoninal | | |lsiudg icrctng wits profeioal vhatary, abd pate onanzaions, The Deputy will wrk wi 
ihinim inthe onfonnenefthe Dhiios || [Divisio ie monscring ic lnex reerch evelopment extramural sic community | 
see ahonace Surgery and Dave Heat [| | well arsaitying rsa gape and nde taining vice een experts ld and npn 
se tare Seen amt Dave Het | |_| oeameto akbes nw opps. Recah sapped by he DLD encerqancs sa ypc 
Candidate isa PRD ander MD with record J | |: ranging fom scm ex ology t medical management of lang dscascs a wel ay sporting 


xnnng and devclopment, dscmraton of rxcarch reste, an puble: lucition for these arcs 
research. The Divisio has.a mayor responsibilty for msearch a al he major and are pulmonary diseases 
withthe exception of lng cancer and certain infectious dcases. The DLD has thee Bcinches: Airway 
Biology ant Diseate Branch. Lung Biology and Disase Branch, and te National Center on Sleep 
Disorders Research. The incuntcat ofthis poston will be appointed indefinitely into the exceped vice 


of active extramural researeh funding and 
publications in cardiovascular biology, This 
position holds co-appoiniment in the Depart 
‘mnt of Biomedical Engincering 


Candidates should set acuiculum vitae and || Junker Tile 42 ata salary commmcrsurat with ish quliiaions. 

asiatementofcureatresearl finding activi: J | | Sehectne Factors: Applicants must poms an MLD, degree as wells senor level reach experienc, 

tis tothe Chair othe Search Com evidence of leadertip. ad abiity to meract successfully with abroad range of individuals. The 

Professor Chandan K, Sen siccesful cate will Bea pec. accomplished sie with maturity, megs, and outstanding 

‘Vice Chairman of Research corms skis wr the abit to view leadership as service. Applicant may be sujet to a Back- 

Department of Surgery ound ancneation 

chandan.sen gosumecda Benefits: Escellent health if, ivestment and personal leave benefits. In adltion a reratent toms 

Phe 61247-7786 ry also Be considered Peston requirements an! tod appiistion procedures ae ros i the 

Fas 618.247.7818 acaney announcement Pase apply online by accessing wemasajobespmgor and refer 19 

NHLBI-G7-186565. You may als submat a sue, c5 tibograpy or other fom to: Meschlle 

‘The Ohio State Universit sa Equal Young. Human Resources Specials, 2115 East Jeflerson Strct, Room TE-133, Rockville, MD 

Opportunity Afrmatve Action Emplover 20852 All applications mast be postmark by the closing dite 07-1847. For alonal information, 
Women, minorities, veterans ond indvidvals | | ) mene Mestocle Young (301) 43-3358, 


wt disabilities are encouraged to apply DUS and NIH are Equal Oppreunity Employers 
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GRANTS 


Funding for Antimalarial Drug 
Discovery Research in 
Sub-Saharan Africa 


* Funding of up to 1 million Euros over 
three years is available for research 
in Africa, 


* The aimis to build long-term sustainable 
institutional capacity in the field of 
antimalarial drug discovery. 


Funding is supported by the EU FP6 
financed AntiMal project in collaboration 
with MIM/TOR 


Full details are available at 
http:/www.antimal.eu 


DISTINGUISHED PROFESSOR POSITIONS IN 
CELL AND MOLECULAR BIOLOGY 


‘The Department of Molecular Biosciences at the University of Kansas 
on the beautiful Lawrence campus seeks outstanding applicants for 
two endowed distinguine professondips. The Erving Johnson Dis- 
tinguished Professor of Maleeular Bology is tenured pointe, 
at the rank of distinguished profesor. The successful candidate will 
thea molecular biologst who has a well-established, internationally 
recognized program afescarch We also invite applicants fora Dist 
guished Profesor of Celland Molecular Bislogs We cck oustanding 
Epplicant who conduct basic rescarchom genes and proteins that canto 
fundamental proessss in living cells. 


Applicans fr either postion must have 
suficient post-doctoral expericave to qualify for aenured di 
Frofesorship atthe University of Kansas, For additional gui 
Information oa required qualifications fr an appointment xs a Distin 
teinhed Profesce, pe 


1, (or equivalent) and 
ished 


er tor w.anolocularbiosclences ku. 
their qual 

ition, Sure research plans, teaching 
and the names and 


‘molbiosearcha hued or by m3 
Associate, Molecular Biology Search. Department of Mol 
scenes, University of Kansas, 1200 Sunnyside Ave,, Roo 
Lawrence, KS 66045-7534 lial review of applications Wi 
September 7, 2007 and will continue until the positions are Hille 


‘Linda Wiley, Ad 


ABE 


OPPORTUNITIES FOR EXCELLENCE 


International PhD program at the 
BIOZENTRUM 
of the University of Basel, Switzerland 


‘The Blozentrum together with the Werner Slemens-Foundation 
(WSF), Zug (Switzerianc) launches the International PAO program 
In Molecular Life Sciences and encourages excellent students 
1 apply for one of the prestigious WSF felowships 


‘The Blozenttum provides an internationally renowned research 
‘environment centered around three focal areas (Infection Biology, 
Growin and Development, Neurobilogy) and two cote programe 
(Structural Biology & Biophysics and Genome Scale Biology & 
Bioinlormatics) and is dedicated to basic molecular and 
biomedical research (hiip/www bigzentrum unibas.ety) We offer 
advanced, interdisciplinary training in the feld of modern biology, 
4 lively and interactive educational atmosphere, and compete 
‘Salaries with respect to European slandards. University graduates 
‘admitted to the Program receive theoretical and practical taining 
land conduct a three-year research project under the supervision 
‘of a Blozentrum faculy member, montored by a Thesis Advisory 
‘Commit 


Applications to the program have to be submitted online. 
‘Application Yorms, requirements, and additional information can 
bbe found under: hiip:/www biozentrum.unibas. chiphdl. 
‘Application deadiine: July 1st, 2007. 


What’s 
your next 
career move? 


* Job Postings 
* Job Alerts 


© Resume/CV 
Database 


* Career Advice 
from Next Wave 


* Career Forum 


Get help from the experts. 


nceCareers.org, 


MEETIN 


vitrogen 


RNAiEurope.com SELECT 


POSITION: 


POSITIONS OPEN 


‘mm 
heal 


MEDICAL OFFICER OR HEALTH SCIENTIST ADMINISTRATOR 
Puli 


"he Deptt of Heath an Huan Services aa the Naina Intute of 
scat (NIE) are seeking to ite a penon with scenic Knowle and 
rescarch expr inncontal, pone, vascular, accp dtr cin 
tevcopenctl or ste cl bo. with cms on understanding functioe 
an! application to human ung devclopment vascular or repay biology 
circadian molecular biology; immumobiology ue molecular gence the co 
ext of normal hang fant aad oe peatrc hing disease Thi position 
repr ty wo workin a Vile, high city 
rogram area that has the potato ater ina substantive way the dcetion of 
Pulmonary medicine at the natn level 

US. citizenship is require and the applicant may’ he subject to a back 
round investigation For the basi qualification requirements, refer 10 
the NIH yuidace for Heath Scientist Adinistatos 
hitp:/wwwhbinih ev/aboutobwhsaguideshtm and Medical Offices 
ww. open os qualificatoneSEC-1V/IGSO6000602. HM 

Benefx: Appoinmnent will be made atthe GS-13 1415 grade level depend 
gon quokfiatons. A Physician Comparability Allowance may be paid wp 
to $30,000 por yea. Inaction, a recrutment bins may also be consort 
Excllent health fe nvesiment. an personal leave bei 

Poston equsements an detailed application proces ae providence 
separate vacancy announcements. Please apply online by accessing 
fevonusajobspmgow and refer to NHLBLO7-IN4S69-MP. for Heth 
Scientist Administrator (merit promotion, NHLBI-G7-186S67-DE. for 
Health Scientist Administrator candidates without government status and 
| NHILBI-07-186870-DH for Medial Officer Vou may also sabe a resume, 
ev. tibliogranhy or ose format to: Meschelle Young. Humsin Resources 
Specialist 2115 Eas Jefferson Stet, Room IM-IO2, Bees, MD 20892 
502. All applications must be postmarked by the closing date 0718-07 
Foe aditoea information, contact Meschelle Young at (301) 443-3358 


DHHS and NI are Equal Opporainiy Employers 


Argonne 


NATIONAL 
LABORATORY 


‘The X-ray Science Division at Argonne National 
Laboratory invites applications for stalf positions 
within X-ray Operations and Research. We are 
seeking candidates in all experimental x-ray areas, 
with particular emphasis on inelastic x-ray 
scattering, magnetism, small-angle x-ray scattering, 
surface scattering, and x-ray imaging, Positions are 
‘entry level to senior appointments. 


Candidates should have a strong background in 
synchrotron radiation research; considerable skill in 
developing instrumentation (such as x-ray optics. 
and detectors) and in state-ol-he-art techniques; 
considerable skill in designing and implementing 
x-ray optics; considerable skill in understanding 
abstract concepts, experience in hardware and 
software for computer control/data collection 
systems and high heat load x-ray optics is 
beneficial 


The Advanced Photon Source at Argonne provides 
4 stimulating intellectual environment, and offers the 
successtul candidates many opportunities to 
interact with world-class facilities and researchers, 


Successful candidates will have a Ph.D, 
postdoctoral experience and a demonstrated ability 
To conduct high-quality independent research in the 
field. 


‘Argonne is a U.S. Department of Energy laboratory 
managed by UChicago Argonne, LLC. Argonne’s 
site is approximately 25 miles southwest of Chicago 
‘on a beautiful 1500-acre campus-like environment. 
Interested candidates should send a detailed CV 
by August 24, 2007, along with a list of 
publications, and the names and addresses of three 
references through the Argonne website al 
hitp:/www.anl.govijobs job search for the 


following requisitions: 


XSD 311367 (Assistant Physicist) 
XSD 311262 (Physicist) 
XSD 311364 (Physicist) 


For additional technical information, please contact 
Dr. George Srajer at XSDpositions @ aps.anl.gov. 


Argonne is an equal opportunity employer, 
ad we valuo diversi in our workforce 
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Nat 
FACULTY POSITION in 
REPRODUCTIVE/PERINATAL 
ENDOCRINOLOGY 
ASSISTANT or ASSOCIATE PROFESSOR 
‘University of Maryland Schoo! of Medicine 

“The Department off Obstetrie/ Gynecology and 
Apo Sense atthe Center fr Stn 
Reproiction at the Univcrty of Manat Sool 
of Modine are scching an eablished investigator 
toils TemuneTrack Faculty Potion athe tea 
Tepretivesnl/or perinatal endocrinology Cam 
‘Ble shoud have the PhD. and/or AUD. pont 
loctorl aining in repredctve cndocrinclogy/ 
Phvdology, a tong background in molecule W 
‘logy, 8 item 9 sound reco of schol 
Scint, and seve SiH ROLype sar grnt 
ining ‘Opp et win th 
‘hing Bey in cer aco epehactneBadoy 7 
medking, of 4 NICHD U4 Cooperative Centers 
rogram in Repoxlutve senses, ann trans 
onal rcarch inthe are of mater tal medicine 
‘ative wea of acai the Cente ince endo 
metal amd placental sngopenets etal placenta 
{isdopment and candananulr fnew 
ikaiardevlopmee, stunt hormone action, neuro 
«indore rpulton of behavior and ponadonr 
Scertion, et eter The University of Marland at 
iahunore hus resend dergne agence goth 
Inpow revarch and chnkal clioes tnd $380 ml 
liom in rocach ant ing. Sub er of fener 
‘ot above STL teeth aati cumin 


‘West Waltimore Street, Baltimore, SD 21201, 
E-mik ealbrech@umnaryand.ed. 


ASSISTANT PROFESSOR of CHEMISTRY 
Department of Chemtry 
Bethune Cookmun University 
The Department of Chemistry in aceping appt 
cations fr fille, mine mond tenant 
postion. The succfl andar wi be expect 
{ovteach gene shorty ant Blohemity Song 
Cher cote which colncde wit taining. Add 
thal rponfbics cade student 
{Sn sce cn deparemcnal and hana ca 
miter Desloeten of an ate extemal fond 
mean pets wich pene pats fn 
expendi paripaton, pete Say cor 
pete and bisa on guahiatons. APD. in 
[chemistry regu reference wil be gen to 
apne in exh Act 
ero appexoun chang ste 
tment of ecard incest tin ae ade 
Sint unkraduee marge, and Bice eer of 
ween 
‘Thomas O. Richardson, Ph.D. 
Heady Chemistry Department 
Bethune Cookman University 
(640 Mary McLeod Hethune Bovlevard 
‘Daytona Beach, FL A214 
‘Telephone 386-481-2602 
ane 380-481-2602 
E-mail rchanit@eookmanedy 


Tampa, Hlrida-based orthopedic device man 
factarer secking an experi!’ BIOMEDICAL 
ENGINEER. RSD and manufcruring Wominer 
slevicer for orthopedic aurergy. Experince with 
‘collagen prefered MS, in biomedieal enginecrng 
Shar bomechania quired. Fapenicoce with sot 
tebrate msculodcle 

five years of eapenence in hepmedical manufactur 
ing preferred, Qualied candidates please submit 
rune and olay eyoarsmen email relma 
‘mimeade com 
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University 
Microbiology, Immunology and 
Pathology 
Post-Doctoral Position (Mtb) 
Dobos-Elder Lab 


‘Qualified applicant will work on NIH funded 
tuberculosis wants and contracts to coordinate 
day-to-day esearch activities. Stuieson thor 
Projects range from generating recombinant 
dna ative products denved from Mcohacte 
‘rum rubertulonn. generation of new reagents 
forthe detection of Mtb and tissues infected 
with Mi, and coordination of research efforts 
with our collaboeators staying vancus acts 
(OFM physiology and the mune response 1 
‘ib. Qualified applicants mast posses a broad 
range ofexperience mbiochemstry, ese cle 
ture based assays, animal stalin, quantitate 
‘and qualitative analysis and BSL} experience. 
‘Qualified applicants mast also possew stom 
‘writen and verbal communication sills PAD 
oF egarvalent required 
Applications received by June , 2007 given 
accepted 
subemsnion 
(prefered) to incade leer stating research 
Iterests, curriculum vitae and names and 
‘mail adresses of thee references 
‘Karen. Dabos- Elder a ColeStae, EDU 


CSU isan EEOMAA Empover 


‘University 


Microbiology, immunology and 
Pathology 
Post-Doctoral Position (TB) 
Dobos-Elder Lab 


Qualified applicants will work on an NIB 
funded tuberculosis contract generating 
ccombjnant antigens and use these highly 
purified reagents to study the delayed-ype- 
hnypersens 

model ol Tm addition, candidates 
willstudy prein-potcin interactions andthe 
‘elatonship of theae totractions in the host 
‘immune response 1 tuberculosis. Qualified 
Applicants must possess eapericnce in pro 
{cin biochemistry and tissue culture based 
assays and have sttong writen and. verbal 
‘communication skills, Experience in mass 
spectrometry, animal studies, and BSL-3 
experience preferred. PhD or equivalent 
required, 
Applications oesived by June 8, 2007 piven 
full consideration; applications accepted 
‘until postion filled. Electronic submission 
(referred) to include ete of intent stating 
‘esearch nterss,curiculm yl and macs 


CSU ican BEOIAA Emplayer 
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USDA 
— 
wenarsandagin 


Research Entomologist’ 
Research Chemist 
Gs-1213/14 
{$63,417.00-$115,848.00 per annum 
The U.S. Department of Agricukure, Agri 
‘cultural Research Service, San Joaguin 
Valley Agricultural Sciences Centr, Parir, 
California iites applications fora Research 
Entomologist Research Chemist position 
GSD IN 14 ($63,417.00-S115. 948.00 por 
annut), Postion responsible for planning 
tan leading fumigation research oo fresh oe 
‘ried fruit, mute and darable commodities 


suchas grains, beans and spices. a well as, 
‘Conducting rewcarch on fur gatioa programs 
for commeaity processing fits. The ideal 


ndulatc has etpencace urban asomology 
‘andlor pest contro and is familar with com- 
_modity marketing. For information call Denice 
‘Chambers at $59-596-2960, 

Fora copy ofthe fll agency announcement, 
application procedures and qualifications 
for the position go to www.usajobs.com. 
(Anouscemeat Number ARS-N7W-0233) 
Closing date for applications is July 31, 
2007. Applications must he received by the 
losing date ofthe announcement. This i a 
‘Sompettive, peemanent appointment and US. 
‘izes required 

The USDA is un Egaal Opportanity 
Provider and Emplover 


MBL soe oncom oa ae 


Chief Academic & Scientific Officer 


‘hea Bags Lay Wi Hale MA, 
‘Sema Oren (ASC) Pale 19% eM 
trove at comer monreitey feta 
Severe we ath 
(rove simaig an acne rah 
Pasion eres vey 


‘he A sein fr ei ee prepa 
{ertoentp. ming el eri oo vole 
{mopar and eps eng 
inte iawanrc0 ofthe MD od pip ie 
‘Wate feu ecu fe kn 


(eeu ecu ean hn se leap 
‘Sliatemoran ik pose tneee mere and 
(ean ne exer ieee 
[Sie el ane cape wb ing 
‘Sree wnecng tea he ei 


{erwadpeain Cae CAS0 Seach Coins 
Setwantaewaesa ne ME 


ga Oper emu kn bape 
a tinea 


new sciencecareers.org 


4 RUSH UNIVERSITY 
AD MEDICAL CENTER 


CHAIR 
Department of 
Behavioral Sciences 


Rash Medical College of Rush University 
Moical Center is socking a new Chaie of 
the Department of Behavioral Sciences 
(Psychology). The Department curr 

includes twenty-three salaried faculty 


department mavntains strong research and 
clinical presence within the University 


The Department houses two laboratories 
With extensive histories of NIH funding: 
Sloop and Steep Dis 

Rhythms. Clink 
nclude Sleep and Sleep Disorders, 
psychology, Psychosccial Oncology, utp 
tient Psychotherapy. Pediatric Psychology 
and Geropsychology and Rehabilitation, 
‘The Department is deeply involved inbasic 
‘medical education and has onc of the most 


‘highly competitive, APA approved inte 
ship with eight postions per yea. 


The prefered candidate will have & Ph.D. 
y with an snternationally ees 


the fled and the leadership 
hills nocessary to overce the growth and 
evelopment of « multediseiphinary tans: 
Tational research program. The success 
candidate expected to provide visionary 
fand entrepreneurial leadership and devel 


‘ment of junior faculty in their linia, 
research, and academic missions of Rush 
University 


Rush Medical College isthe oldest medical 
college in Chicago, established in 1837, nd 
is prt of Rush University Med 

‘one of the largest private academ 
cal centers in Minnis. Rush is a theiving 
‘enter for basi: and clinical research with 
‘nore than 1,600 active investigations. The 
‘University i locate in the Illinois Medial 
District that inchides the Joha H. Strogse 
Hospital of Cook County, Univeesity of I 
ois at Chicago, andthe Westside Veterans 
‘Administration Hospital 


Letters of interest that include a curriculam 
vitae will be accepted through October 1, 
2007 and should be sent to 
Rick Sumner, Ph.D. 
‘Chair, Search Committee for Chair of 
Behavioral Science 
Rush University Medieal Center 
(600 South Paulina, Ran 507 
‘Chicago, Minois 60612 


Or preferably electronically to: 
Julie Karstrand rushed 


Rush isan Equal Opportunity Emplover 


Chinese Academy of Sciences 


Max-Planek-Gesellschaft 


The Chinese Academy of Sciences (CAS) and 
the Max-Planck-Gesellschaft (MPG) 


ace searching for upto two department directors forthe 
CAS — MPG PARTNER INSTITUTE FOR 
COMPUTATIONAL BIOLOGY (PICB) in Shanghai 


Logally and administratively the Partner Institutes an institute ofthe CAS, located on the CAS 
Campus ofthe Shanghai Institutes for Bilogical Sciences (SIBS) 


The aim ofthis interdisciphinary and theoretic 
increasing imvoWement of mathematical computer-scence and engi 
‘modern ology and to alow for novel approaches ol rest 

plies (eg, Benformatics, computational biology, systems biology, computa 
sics, theoretical neurobiology or evolutionary biology 


The proximity to experimentally oriented, intemationally competitive research institutes on 
the SIBS campus guarantees close scientific cooperation and interaction between theoreti 
cal and experimental research. Strong collaboration with one or more Max Planck Insttutes 
in Germany i expected from the directors and wal be expressively documented and fostarod 
by appointing them as External Sientfic Members of MPG, 


To aid the final defi of promising research tho dennticavon of suitable 
tes, tha Chinese Acadeny of Sciences and the Max Planck Gosllschatt wll joi organize 


‘Symposium on Perspectives in Computational and Theoretical Biology 
tobe held in Shanghai on 24-25 Oct, 2007 


‘We ive applicator 
ace wing to tak fl 
iscipinary and thaoreticaVcomputational institute by cooperating with the exparimental 
instttos onthe SIBS campus and in association wth @ Max Planck Insttute in Germany, 


The recrustment and appointment procedure for the director positions will be cartiod out 
ioindy by CAS and MPG. The positons wal offer fll scentfic and economic independence 
‘Comparable to that of  diractorhead of department ata Max Planck Insitute 


The intial appointment wil be for five years and can be extended after roview by the 


Instnute's internationally composed Scientiic Advisory Board. 


Qualtied candidates should submit 9 curricdum vite, a short statement of reeaarch inte 
sts and sciatic goal, reprints of key publications and the topic (or abstract) of the int 
resentation atthe symposium, 


To ensure ful consideration, please subma a hard copy of your application before July 31, 
2007 0 


CHEN Zhu (Vice President of CAS) 
Chinesa Academy of Sciences 
52 Sanne Road 


1d POF files of your application to the contact persons in Munich and Shanghai 

Barbara SPIELMANN HEN Yi 

Exmall spielmamagv mpg ce E-maik ychen@sibe ac.cn 

Max Planck Gesellschatt zur Forderung _CAS/MPG Partner Insitute for 

der Wassenschatton Computational Biology 

Holgartenstrasse 8 ‘Shangha! Ineututes for Biological Sciences. 
Chinese Academy of Sciences 

0 -0539 Munchen, Germany 319 Yue Yang Road 
‘Shanghai 20031, PR China 


Tel: 45-89-2108 1385 
Fax 49-68-2108 1081 Tol: +86-21-5492-0455 
Fax 185-21 5482-0651 
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HUMAN FRONTIER SCIENCE PROGRAM 


12 Quai Saint-Jean, 67080 Strasbourg Cedex, FRANCE 
Phone: +33 (0)3 88 21 51 27/34 Fax: +33 (0)3 88 32 88 97 
E-mail: fellow@hfsp.org Web site: http://www.hfsp.org 


2008 POSTDOCTORAL FELLOWSHIPS IN THE LIFE SCIENCES 


‘The Human Frontier Science Program (HFSP) supports basic research in the life sciences with emphasis on 
Novel, innovative, and interdisciplinary approaches that involve scientific exchange across national boundaries. 
‘The dynamic fields at the interface of biological and physical sciences open up new approaches to understand 
the mechanisms of living organisms. This indicates a clear need for participation of scientists from outside the 
life sciences to reveal the structures and networks that characterize the living state. Therefore the HFSP 
supports postdoctoral investigators who explore new areas within the life sciences or who, in the cross- 
disciplinary program, use their expertise in chemistry, physics, mathematics, engineering or computer science 
to bear ona biological question. Two types of fellowships are available: 


Long-Term Fellowships 


For applicants with a PhD degree in the lite 
sciences who are expected to broaden their 
horizon and to move into a new research 
area that is different from their doctoral 
studies or previous postdoctoral training. 
‘Applicants that propose a significant departure 
{rom their previous research are viewed favorably. 


Cross-Disciplinary Fellowships 


For applicants with a PhD degree in physics, 
chemistry, mathematics, engineering or 
‘computer sciences who wish to gain research 
experience in the life sciences by proposing 
a significant change in discipline. While 
previous expertise should be reflected in the 
project, applicants are expected to be exposed 


to new techniques and literature. 
Important deadlines: 
‘Compulsory pre-registration for password: 16 August 2007 
Submission of applications: 30 August 2007 
The online submission system will become available in summer 2007 on the HFSP web site. 


Nationals from one of the HFSPO supporting countries can apply to work in any country, while other 
nationals can apply for training only in a supporting country. Current supporting members are: Australia, 
Canada, the European Union, France, Germany, India, Italy, Japan, the Republic of Korea, New Zealand, 
Switzerland, the United Kingdom, and the United States of America. 

Applicants must be within 3 years after receiving their doctoral degree. The program provides initial support for 
postdoctoral training in another country by means of an individual stipend (~150K USD over3 years) that is, 
composed ota livingallowance and funds for research and travel. Fellows can apply for 3 months paid parental 
leave and receive a contribution towards the cost of child care. As a rule, fellows who choose to return to their 
home country can deter their final year for up to two years and are invited to apply for a Career Development 
‘Award (currently 300K USD over 3 years) to establish themselves as independent young investigators. HFSP 
requires the maintenance of stipends for research scholars and has the policy that its fellowship stipend 
cannot be subject to mandatory deductions for social security contributions. Applications from female PhD. 
recipients are encouraged. 

Short-Term Fellowships 

Short-Term Fellowships are intended for researchers earty in their careers who already hold a PhD and provide 
up to.3 months of support to learn techniques in a new area of research or establish new collaborations 
in another country. Applications are accepted throughout the year. 


Europe's most important interdiscipli 
Learn about new trends ond directions inreseorch, busi 
Network withthe leaders ofthe world science comm 
Communicate your leading research and ideas 

2 inthe debate the discussion and uropeon science ond technology 
tall to scientific journalists from Europe and around the world 


Develop your career, your future projects, your horizons and you contacts 


Scientific themes 
The human mind and behaviour 
The very big and the very small 


4 ‘Maintaining an open society through science 

> | Engineering the body 

oy / What should we eat and how should we look he? 

Ss S at j Exhoncing energy security fighting global warming 


é Science policy 
Science and art 

Demography in an ageing Europe 
Screening: burdens and benefits 


‘A FORUM FOR LEADING SCIENTISTS, YOUNG RESEARCHERS, POLICY MAKERS, BUSINESS PEOPLE AND JOURNALISTS, 


EUROSCIENCE OPEN FORUM 


ESOF 2008 


SCIENCE FOR A BETTER LIFE 
BARCELONA, JULY 18-22 


ScienceCareers.org 
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POSITIONS OPEN 


Baades 


WWM arKusda. gov 


The Soybean Genomics and Improvement Labo 
‘ator, Bete, Maylind s ccking 9 permanent 
fulltie RESEARCH GENETICIST (Masts, r 
‘nice research aimed at the development and 3p 
filkstion of molecular genctic markers in soxbean, 
The selec will be expected to use sew DNA segue 
amis tous combined within abo appevaches for 
Single rucleotkl polymphism (SNP) dcovery cow 
pled high throughput SNP detestion techoologice 
fo urserake whole genome analyses of plant germ 
plasm, Salary range: $66,767 ro $103,220 per aman, 
ps boncis, Candidater mug be US. deene For 
{tats aa application rections for annncement 
mune ARE a, wae 
atmarusd 


leon SOU SDET UGE: os 2 


ine postmarked by June 15,2007. ESDAARS tm 
Fil Opp Poser nd Employ 


The Chikien's 
Baylor Collie of Medicine announces the stallbi 
ity of TENURE-TRACK POSITIONS io 


seach, Although posits are not lied to thee 
reas, specific interews are kta, neonatal, ad early 
‘hikthood nutri (inducing fundamental mech 
nism for che developmental rigins of adult health 
and disase) and oben inchading falas ad 
pone toe bog), repulibn of appetite aa! Be, 
Alevekipment of cating an physical actty belay 
nt prevencion/Anervction sacs. 
ieee vil be content with 
the candidate's qualiicatons, Candidates shoud 
have'a reson of achievement dhrough publications 
\e-reics puraleand wiccefal vamp | 
rama fling. In adition eo a strong iadepen. 
‘dent search program, the suceufl canta wil 
te expect have sigiicane pote for research 
solloration with exiting research programs within 
the Children’s Nutrition Research Center 
Tncerewted candidacy shoul sini thir comin 
tum vit, a statement of sear inersty ane dace 
let commendation sent by rear mal 
Dennis M, Hier, M.D, Director, Children’s Nutr 


tion Kewarch Center, Baplor College of Maticine, 
1100 fates, Houston, TX 77030-2600. 
aykr Cali of Medea ad Aue pa 


Oppo 


api 


POSTDOCTORAL RESEARCH POSITIONS 
Diabetes, Oxidative Stres, Vascular Biology 
New penis are avaible in the Laboratory of 

(Celr tat Moder Cereal chemist vette 

tranatonal basal mdse that fois upon nov 

Imeshaniame of ell plist, degeneration, and 

rune function (Journal of tle American Medical 

‘Auucinsiow 298390, 2008: Cell Swat 19:1150, 

2007) Expertise iv imolcuae bology with cll cul 

ture and animal model is required sie Foran 

{tric vite to: Kenneth Maiese, MLD., Wayne 

State University, Detroit, ML. E-mail: Kiaiesee® 

medwwaynecedi’ Wye Sue Uniemty i on Dial 

Opponinty/Afimaive an Epler 


POSTDOCTORAL FELLOW 
Position avaiable ta study the cellular and mo: 
lecular meshaniens, underlying ncurodegeneration 


(Goebaites huts //weesudalase biology? 
faeulty/researeh/dieioseni)- Apc mas 
Se POET see ons arars tetpend na 
rescarch experience in signal tanalacton mecha 
Tous anor rodent nctreepeneion move 
Pesan cam vine to: Santos Re D' Mato, 
Dejan of Mokeiar and Cet Bsigyy Ua 
‘uit of Tera at Das, Richard, T3 75083. 
‘GREY Cventy of Teen, Ctl a ae cnt 
Boal Opens Sel 


1374 
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[ASSOCIATE or FULL PROFESSOR 
Iahalation Toxicology and Cardiology/ 
“Tenure Track 
‘Comparative Biomedical Sciences 

Biomedical Department with a well-equipped 
inalion rexcarch 
Inhabit toucobogy 
ications: Ph.D. oF oy 
tome sciences or rate fed, poatdoctoral x 
perience, racarch background i inhalation tical 
gy and canliology; sigificant extramural funding 
Bl to teach am potter a grade program 
Ropenshdics malnains an exramuraly ded ve 
seanh program; commutes to the graduate and pro 
Fesional program; expands collaborative usage of 
fntalston’recarch fy. Salary ant rank wal be 
Scmmmemurats wath qoaicatoo AB fr of crmphn 
fnew & coanngent on 3 snc, pre-employment 
fckground check Application dealine 1 Tat 6, 
2007; or until candidate i ckted Sabot leter of 
pplication and revue (inclodang e-mail addres): 
Dr. Arthur Pena 
Department of Comparative Biomedical Sciences 
‘School of Veterinary Medicine 
‘Louisiana State Univesity 
‘Reference: #027599" 
Baton Rouge, LA 70803 
‘Telephone: 225-578-9889 
E-mail: apenn@yetmed.tsu.edu 
Lote ty id Opprnty 


fig 


NATIONAL SCIENCE FOUNDATION 
ategrative Organismal Systems 
The National Science Foundation’s Dividon of 
‘Organismal Systems 


PROGRAM DIRECTOR In the - 

Sheer, gram Decor are rope 
program pinning art adoneacratuer an kr ft 
Mg the gle of the NSF a 108. Swe iran 
afta 108 can be found om the webaltes p77 
‘wwwtalgov/div/index.jpidiv-1OS. Appian: 
Thus pomcte 2 PID. cr equralentcaprione in Be. 
gy ofa relted area. I sation yas st fave at 
more year of saoald eoeanh, rowan alminntra 

fom, oF managerial expencnce. development 

brolagy beyond the PRD. Famdlariy with NSF 
Dabo and praers, dmenstatne capris, Ml 
ecognized stature among. peers are desirable. Annual 
Sry ange ie S93022 to S140.213 depending 0 
{abSariin and expec, Aplcaots abu wht 
resume ts National Science Foundation, Ato: 
Mya Loyd, Divison of Human Resource Manage: 
ment, 4301 Wikon Boulevard, Arlington, VA 
32230. Fer death eparng terme of emplornce, 
Senta Myra Loy, telephone: 703-292-4363. For 
Sicnok or perma ssbrmati, canact De. 
Bill Zamer, ‘Acting, Deputy Division Director, 
telephone: 708-292 8420, emai: weamer@ast gor, 
NSE bas Lipa Opps Employer 


POSTDOCTORAL POSITIONS 

Postdoctoral postions funded bythe National 
Institutes of Hedith are aval, go stay the roles 
of imtin, nar onde and protin ryote pos 
[hits sn cepulsbo mf ascae smocrh miselecall 
Seng an nents formation in estuary 
(Our progets mires myportant base sone ct 
tions and ako have recrance to cmical probes 
Espercnce im moder troy ard /x ra nd mane 
soren i ewcreal Companies alan rofl Mes 
tere contculom vitae and the names of tee reer 
Const De. Atv Hass, Department of Physiol 
py, University of Tennesee, #94 Union Avene, 


‘Se pul Employment Opp Afimante Asin Tae 
Wi Te IN Stuer SOUTADAVADEA Instn i the 
pees fs ake al eaplrent pepe ad 


PO: 


TIONS OPE 


J GILEAD 


SENIOR RESEARCH SCIENTIST I 
Requisition Number: BF 7-386 
‘Foster City, California 
Gitead Sciences isa lopharmaceutieal company 
thar dsamvers, develops, and commercaizes inno 
‘ative therapecs in arcas of unmet medical nee, 
‘Our meaion sty advanc the care of patients salen 
from Meshrestening diieacs worldwide Heat 
squartred in Foster Cit, Calera, Gilel has op 
‘raseme inthe United Sits, Europe, and Aust 
We cumcay have a great apperuaity in Fexter City 
for a8 experienced, wellorganzed profesonal 10 

join our Biology Deparment 
‘Responubiics: The accel candaate wil join 
smultitacplinary rescarch teams focused the i 
emery of new therapeutics for Repat Cvins 
{CV) and human immunodeficieney virus (HIV), 
he will be responsible for bilogial characte 
SF drug candiates by developing state-of 
the-art ceased atahy and ull pan aed diet I 
tivo pharmacology studies, Adkiional respons 
ics Include managemeot of abodate a 
ironing projet plates to internal 
research comers, and parang in bushes. 
‘kevclopment opportunities, Publication and presen 
{ation company rescar are expeste 
oi recs a PhD, 
ia I'S nimu of x yeas 
Si relevane posto perches Fatenave Anat 
‘ge ana hando-on research expertise in Immuno 
fy and faiharty with in itr ad i iso mone are 
Feuived. Experience i Use heme repose to path 
fogene, inate nami, and namie aman 
Dy songh pecfred. Hacelent rad rool and 
ong interperonal and oral/writen communica 
i 


wt/sec/eatects, 
Wear an bel Opp 


‘The THIRD INTERNATIONAL CONFERENCE 
‘on B CELLS and AUTOIMMUNITY: 
FOCUS on INFECTION 


‘Copucabana, Min de Fanci, Baal 
1X 1020 August 2007 


West ap://wwrwhisto.utrbe/L11 satelite 


ipl 


EZBiolab ww 


ezbiolab.com 
‘Custom Peptide 10mg 90%: $19.59/aa 
‘AB Production $785 peptide included 


Gene Synthesis $1.20p 
SIRNA 20nmol PAGE purified: $285 


wun sciencecareers.org 


+ Read length up to 900 bases. 
* High quality electropherograms. 

* Fast turnaround. 

+ Plasmid and PCR purification available. 


Polymorphic exclusively uses ABI 3730XL sequencers. 
Data delivered via secure FIP, email or CD. 


$ 2 50 No charge for standard sequencing primers, 


384 sample minimum order. 
per reaction! 


96 well plates only—no tubes. 


POLYMORPHIC 


olymorphic DNA Tech 


888.362.0888 


For more information please visit 
www.polymorphicdna.com 


For research use only. © Polymorphic DNA Technologies, 2005 
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More sIMPLE, stress-free, 
successful RNA\ experiments, 


Make your RNAi research as simple and successful as possible with expert help selecting the right tools. 


‘Start to simplify your RNAi research now using our new RNAi Sourcebook. I's available, along with the answer to this Sudoku puzzle, 
‘at wrww.invitrogen.com/siMPLE. 
éinvitrogen 
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